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The Association is not responsible, as a body, for the facts and opinions 
advanced in any of the papers or discussions published in its proceedings 


For supplying water from the six inlet cribs in ‘i Michigan 
to its ten municipal pumping stations, where it is chlorinated before 
being delivered to the distributing system, the city of Chicago has 
in use seven gravity tunnel systems comprising 58.8 miles of tunnel. 


Discussion of all papers is invited 
EXPERIENCES WITH LARGE WATER TUNNELS IN 


About 22 miles are under the lake, the remaining 35 odd miles being — 
land tunnels. Of the latter about 25 miles are under city streets and sed <n o: 
approximately 11 miles under private property. The tunnels are at a oa 
various depths, ranging from about 40 feet below city datum (mean ae 


lake level) to approximately 150 feet. The earlier tunnels were dug * 
through clay or clayey sand and were built of brick. The later ones . a 
are of concrete construction dug through rock. So 
Two tunnel systems, the Crosstown and the Old Polk Street tunnels 
have been abandoned. These crossed the heart of the city under 
private property and were injured by piling and deep foundation 
construction. They have been filled up to a considerable extent and 3 
have been plugged off at convenient places by concrete cores. The = ae 
New Polk Street tunnel system is crossed by the former tunnel at - 
two points, which are being investigated in connection with an 
abnormal degree of contamination of the untreated water supplied 
to the Harrison Street station. i 


1 Presented before the Louisville Convention, April 30, 1925. 
* Chief Sanitary Engineer, Department of Health, Chicago, III. 
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ee In constructing these tunnels, working shafts usually about 10 feet 
in were sunk. 


‘Those constructed under the lake and protected by temporary cribs 
during the digging of the tunnels were sealed off at or about the tun- 
nel crown and back-filled to the bed of the lake. The crib was then 
demolished. There were 12 of these lake shafts sunk in connection 
with the Chicago tunnel systems. On the 68th Street tunnel system 
_ alone there were four lake shafts, this number being necessary on 

- account of construction difficulties in tunneling through sandy 
sub-strata. 


_ In the earlier tunnel work land shafts were made of brick; in the 
_ later tunnels of concrete. Practice has differed with regard to the 
maintenance of these shafts. In the 70’s and 80’s they were con- 
_ sidered as a reserve source for water for fire purposes. In fact, on the 


TUNNEL SYSTEM CRIB SUPPLIED BY .| LENGTH a a 
ICE 5 
feet 
Wilson Avenue...........| Wilson Avenue’ 45,032); 0} 8 
Lake View............... Wilson Avenue’ {1896} 10,730} 2 3) 4 
1900} 64,726} 
4 | Blue Island Avenue.....| Two-mile 1875 
1908} 40,396} 0 | 1 | 0 /10 
5 | Chicago Avenue P.S.....| Two-mile — 1867 
1895] 24,378] 2 | 2| 1 
a8. Four-mile 1892 
1907| 46,688} 2} 
6a} Polk Street.-Blue Island 
kes 11913) 1,219 0/4 
68th Street 1898} 20,660) 4 | 1 | 0 j11 
Dunne 1916] 56,528} 1 | 2} 3 
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were especially constructed at intermediate points to give a reserve 
supply of water for fire protection. In a few instances private com- 
panies using large quantities of water were permitted to make con- 
nections to these shafts. The danger of this practice will be dis- 
cussed elsewhere. 


A”; 


j Chicago Water Tunnel 
System 
Showing Lake and Land Shofts 
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Fig, 2 


The policy in recent years has been to crown over working shafts = 
at the tunnel by a reinforced concrete slab several feet thick and to : . = 
back-fill with the material removed from the tunnels. Shafts in rae Ay, 
which gates are set, and others deemed important for tunnel main- __ 
tenance and operation have been left open. In several of the older ee 


Crosstown tunnel, which has since been abandoned, smaller shafts [a 
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shafts not iiaiaaiii important a concrete slab crown was con- 
structed at a point above the water line and the shaft filled with 
sand, gravel or cinders. 

As a rule shafts were sunk in public property, usually in a street. 
Undoubtedly due consideration was given to the relative location of 
sewers with reference to shafts, but with the rapid growth of the city 
many changes in underground systems in streets have been required, 
some of which constitute a potential danger to the water system. 
However, it does not appear that the existence of a sewer in a street 
forbade the sinking of a tunnel shaft in the immediate vicinity, or 
that the presence of a tunnel shaft prohibited the laying of a sewer 
in the same street. The city engineer has, in several instances, in- 
sisted that the alignment of sewers be altered to assure reasonable 
clearance around tunnel shafts. As a considerable portion of the 
sewer system of Chicago has become overtaxed one can realize the 
potential danger which a sewer flowing under pressure constitutes 
to a nearby tunnel shaft in which the gravity pressure is less than 
the head, due to lake level. 

The method of protecting the shafts at the surface has depended 
upon the importance of the shaft. In gate shafts and other pivotal 
ones heavy cast iron covers have been used, the joints between the 
cover and the frame usually being sealed with cement grout. In the 
case of shafts of lesser importance the cover was crowned with con- 

crete and the ground or roadway laid over same. 


>. 


WATER SAMPLING FROM TUNNEL i 


arly in 1924, in accordance with a codperative arrangement 
between the Diapeitnnetite of Health and Public Works in Chicago, 
a new program for supervision and control over the public water 
supply was inaugurated. To permit of a more satisfactory super- 
vision over the chlorination at the pumping stations twelve sampling 
pumps were instailed at representative points in the tunnel system, 
which provided for the collection of samples of water from the tun- 
nels for bacterial analyses. The selection of the location of these 
sampling points was made with a view that samples analyzed might 
show: 


: 1. Any contamination of the water in the lake tunnels between the cribs 
a and the lake front pumping stations. 

2. Any contamination of the water in the land tunnels between the lake 

Peet front pumping stations and other stations located inland. 
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These pumps are of the ordinary farm type and are set up over a 
shaft with the suction line extending down to the center of the tun- 
nel. When located out of doors they are protected by a steel housing. 
It was not until late summer that all these sampling pumps were 
installed, but the information supplied by the analyses of samples 
collected has been most useful and has given a remarkable picture of 
conditions which could not have been otherwise detected. The 
analyses of these samples directed our attention to and enabled us to 
trace and take measures to remedy dangerous sources of contamina- 
tion found to exist. The results have clearly demonstrated the value 
and importance of making routine bacterial analyses of water sam- 
ples from all representative points in the public water system, and 
clearly emphasized the importance of extended laboratory control 
over the quality of a water from its source to the consumer’s tap. 
With the information obtained from these bacteriological surveys, 
City Engineer John Ericson has arranged for a complete physical 
survey of all suspected tunnel shafts. In the 1925 appropriation the 
City Council authorized an an of $50,000.00 to ) proton 
properly the tunnels in this city. 


INVESTIGATION OF POLLUTION OF LAKE TUNNELS _ 
Leakage in 68th Street tunnel system 
The circumstances surrounding the outbreak of typhoid fever in 
November and December, 1923, in the water district supplied from 
the 68th Street crib, strongly suggested the possibility of intermediate 
contamination of the water passing through the tunnels from the 
crib to the pumping station. As the history of the construction of the 
68th Street tunnel system showed two serious cave-ins, and the 
necessity of abandoning a section of the tunnel, an investigation of 
this tunne. system was arranged for early in 1924. At this time a 
series of water samples for bacterial analyses was collected from shore 
shafts on each branch of the tunnel to determine, if possible, any 
marked difference in the quality of the water. At the same time sam- 
ples of “raw” water from the land tunnel coming from the Dunne 
crib, which structure is located in the lake within 150 feet of the 
68th Street crib, were collected. The results of analyses of these 
samples were not striking, but indicated a better quality of water 
from the Dunne than from the 68th Street tunnel system. As this 
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Ss = INVESTIGATION OF POLLUTION OF LAND TUNNELS 


ARTHUR E. GORMAN © 


68th Street crib (since crib tenders live on this structure and not 
on the Dunne crib) a later series of samples from the cribs as well as 
the land shafts was collected over a twelve-hour period. Upon 


analyses these samples failed to indicate any marked increase of 
ae _ pollution between the crib and the shore. 


As the 68th Street tunnel is now known to leak the lesson learned 
from these negative results has been that the analyses of even a 
considerable number of samples over a short period of time may give 
misleading information. Contrasted with these results we have the 
daily analyses of samples from the 68th Street and Dunne tunnel 
systems which definitely indicate that the water from the former 
source was quite consistently more contaminated than from the 
Dunne system, although the crib intakes are served from the same 
area in the lake (see fig. 8). There were exceptions during the sum- 
mer months, but it is believed that this was due to the fact that 
during this period the lake water surrounding both intakes was 
considerably more contaminated than the water between the cribs 
and the shore which filtered through the bed of the lake in entering 
the 68th Street tunnel. | 
In February, 1925, this tunnel was put out of service and the 
Bureau of Engineering made a test for leakage, which gave very 
positive results. Samples for bacterial analyses collected during 
this test showed no marked contamination, although the bacterial 
counts increased considerably when the normal pressure in the tun- 
nel was lowered by pumping. The city engineer has wisely directed 
that arrangements be made to supply the pumps at the 68th Street 
station, formerly served by this tunnel, with water from the Dunne 
crib, after which the Bureau of Engineering will de-water the tunnel 
and investigate its condition. 
During the year studies were also made of intermediate con- 
tamination of the other lake tunnels. No marked evidence of leakage 
has been obtained. 


Pollution of the Green Street shaft ee aa lay 


The results of analyses of water samples from the first three p a 
installed in tunnels showed no abnormal conditions beyond somewhat 
higher bacterial counts the first few days after each pump was put in. 
service. the at tad Elizabeth Streets (Central 
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Monthly Variations in Bacterial Quality of ' 
Water from Tunnel Shafts in System Supplied by f bait 
Four Mile Crib - 1924 
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Park R-1) on the south branch of the Northwest tend tennel was 
first installed the samples showed excessive contamination and 
attracted attention. A special series of the samples collected while 
the pump was operated continuously made no improvement in the 
quality of the water, it was found. The pump was then suspected as 
being the source of pollution and was removed. The end of the suc- 
tion pipe had a collection of green slime, but beyond this nothing 


tr) Inerease in Contamination of the Water Supply 
Sampling Point per in Passage through Tunnel-1924 
Wilson Ave Crib 1.0 
Lake View R-3} 5.1 
Mayfair 87.7 


Car Harrison Crib |C-1} 18.0 
Chicago Ave. |R-3/61.8 
Central Park J R-1]370.7 


Two Mile Crib {C1} 0.9 
Chicago Ave 6.7 


Two Mile Crib |G2}459: 
Chicago Ave Rl] 84 


Two Mile Crib C-3/746 
22 St 18.0 


Four Mile Crib 0.1 
14 St. R-1}125. 
Harrison St. R-1 11227. 


68* St.Crib 14.8 
St. 75.5 


Ed.£. Dunne Crib} C-!} 13.0 


68 St. R-2| 22.6 

Washington Pk. 46: 

Roseland R-1|514. 

a 100 200 300 400 S00 600 700 800 300 00 1100 1200 1300 
B. Coli per 100 c.c. (confirmed) 
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unusual was noted. The pump and suction line were thoroughly 
rinsed with a solution of calcium hypochlorite and re-set. The sam- 
. a ples collected continued to be grossly contaminated. An investi- 
a s gation of the tunnel shafts was then begun. 

‘Tt was noted that the degree of contamination increased after 
. heavy rainfalls. It has been our experience that defective conditions 

permitting surface contamination of tunnels give magnified bacterial 
a results directly after excessive rainfall rates and this has been taken 
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advantage of in making tunnel investigations. In this connection 
it has been found that the keeping of extensive meteorological records 
materially assisted us in water supply control in Chicago. 

The tunnel shaft investigation work consisted of a physical in- 
spection of the interior of the shaft for leakage through the wall and 
the collection of several samples of water at various depths in the 
shaft until the tunnel was reached. Samples were collected in 
sterile bacterial bottles set in a deep water sampling apparatus and 
suspended by a cord. It is believed that the samples collected were 
reasonably representative of the water at the depth sampled. 

Although evidences of surface seepage into other shafts in the 
Northwest land tunnel system were noted, results of analyses of 
samples from the Green Street shaft were the only ones showing gross 
contamination. This shaft is at the intersection of the branches 
supplying the Central Park and N. Springfield avenue pumping 
stations. It had been crowned over with a slab above the water line 
and had been filled with about four feet of gravel. A hole had 
been drilled through the slab for some previous investigation of 
tunnel velocities and left open so that any seepage which passed 
through the gravel could enter the shaft through this opening. 
Evidences of much seepage on the west wall were noted. A sample 
of the slime collected on this wall, when washed with sterile water 
and analyzed, was found to be grossly contaminated by B. coli. The 
records of the sewer division were consulted and showed that a 24- 
inch circular brick sewer about fifty years old passed within one foot 
of the west wall of the shaft, the invert being at a point just about the 
line of seepage noted. 

Arrangements were then made to have the sewer opened, which 
was done in September. It was found that the main sewer was in 
good physical condition, being surrounded by hard clay. There were 
evidences of seepage around the sewer, especially toward the shaft 
where several decayed sheeting posts were found. Within 10 feet 
of the shaft there was a 4-inch house drain which was cracked and 
leaking at a point near the main sewer. Four other house drains at 
distances up to 50 feet from the sewer were located. Two of them 
were found in the same condition as the nearer one and leaking. 
It is doubtful if any great quantity of sewage leaked into the shaft 
at one time, but as the main sewer was filled with deposits to one- 
half its depth and is known to have flowed under pressure following 
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water surrounded the shaft at such times and probably polluted the 
water flowing in the tunnel. 

After conditions around this shaft were determined the city engi- 
neer arranged to have this sewer replaced in the vicinity of the shaft 
by cast iron water pipe with leaded joints. The ‘“Y” branches to the 
a eile _ house drains were also made of cast iron and the joints leaded. 

2 — As this work necessitated the removal of parts of the sewer and 


2 ' required several days before the entire cast iron pipe section was 
eo laid, it was necessary to take extraordinary precautions to protect 
ae 4 the shaft should a heavy rainfall occur and cause the adjacent sewers 
“a oe to flood the open ditch. Accordingly arrangements were made to 
| chlorinate the shaft day and night while the repair work was in 
progress. Chlorine gas was delivered directly into the shaft water by 
means of a three-quarter inch hose attached with a special fitting to a 
gas cylinder. Shortly after this chlorination began samples from 
the pump at Carroll and Elizabeth streets showed a marked im- 
provement in bacterial quality. Since this day the water from this 
source has been reasonably representative of the quality of the water 


from the Carter H. Harrison crib. 
Contamination of the New Polk Street tunnel system 


There are two water sampling pumps in this tunnel. One is at 
ae Park Row in a land shaft at the junction of a branch to the 14th 
Street pumping station, and the other in the suction well at the 
Harrison Street pumping station, about 13 mile westward via the 
hae tunnel route. Samples from the former shaft upon analysis showed 
no unusual condition. The Harrison Street sampling pump was 
installed on September 8, 1924, and immediately the results of 
analyses of water from this source indicated something radically 
wrong. 

ee a Me This tunnel was looked upon with suspicion as it has quite a 
history. It was built in 1907 of concrete and was dug through clay. 
a _ In a distance of something over one mile from the Peck Court shaft 
tag os at Grant Park to the Harrison Street pumping station the main 
a a tunnel is crossed over twelve times by a freight tunnel under the 
By. 7. business district of the city, once by the abandoned Crosstown tun- 
- ae nel, and is connected into in two places by the Old Polk Street tunnel. 
| In addition to this a connecting tunnel between this system and the 
Blue Island tunnel system is crossed by the Crosstown tunnel. 
Investigations showed the existence of several potentially bad 
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conditions, but as yet the chief source of pollution has not been 


definitely located. The city engineer is now arranging to shut down 
- the Harrison Street pumping station in order that a section of this 
t tunnel may be pumped out and inspected. (A leaking sewer has 
since been found.—Author.) 
By way of illustrating the danger of permitting private connections 
1 to be made to water tunnel systems, two conditions which were found 


in the New Polk Street tunnel system will be cited: 


1. In the basement of a warehouse there is an opening into a valve pit fora 
suction line connected to a tunnel shaft. A public service company had in 
earlier days obtained permission to supply its pumping station with water 
| from this source. While investigating this opening a fire hose was found 
hanging into the valve pit. At intervals of about one-half minute a flow of 
water through the hose discharged into the valve pit. A further investigation 
showed that the hose was from a bilge pump set up to drain a large cavity 
under the building which had been washed out, due to the underground leak- 
age of water from some unknown source. The contractor who had been em- 
ployed to repair the leak had installed the bilge pump and stated that he 
believed he was discharging the bilge water into a sewer catch basin instead 
of a pit which indirectly connected to a city water tunnel. Although the pit 
was thought to be sealed off from the tunnel by a concrete wall the bilge water 
did not run into the pit and apparently leaked into the tunnel. 

2. Further investigation showed that a second potentially dangerous con- 
dition existed. A brewery had at one time been given permission to draw 
water from a fire shaft in the Crosstown tunnel through a 6-inch private 
suction line. This shaft was connected to one of the main shafts in the New 
Polk Street tunnel, the gate between same being open. Just above the fire 
shaft there was a shut-off valve in the former 6-inch suction line. Fortunately 
this had been closed, for had it been otherwise the city might have experienced 
a serious typhoid fever outbreak in the area supplied by the Harrison Street 
pumping station. An investigation of the basement of the former brewery 
showed that, although the old pumping engines had been removed, the 6-inch 
suction line was still open and protruded through the wall of the building at 
the level of the basement floor. Under the floor of the pump room were two 
catch basins connected to the sewer, both being open at the top. During 
periods of heavy rainfall had sewage backed up into these catch basins suffi- 
ciently to flood the earth floor of the pump room the open 6-inch suction line 
described above would have served as a drain for the overflow sewage dis- 
charging into the fire shaft, thence to the water tunnel if the valve mentioned 
above had not been closed. The fire shaft has since been filled up by the 
Bureau of Engineering. 


During the course of the investigation of the pollution of the “raw” 
water at the Harrison Street station suspicion has been directed 
against the Crosstown tunnel which crosses the New Polk Street 
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tunnel and its connecting tunnels at two points. To permit of the 
collection of samples on either side of one of these points the back- 
fill in two shafts was removed and special holes drilled through the 
slabs covering the shafts. Results of analyses of samples collected 
from these shafts showed that the concrete cores in the abandoned 
tunnel were apparently effective in sealing off this cross connection. 
However, the second crossing of the abandoned Crosstown tunnel 
with the New Polk Street tunnel is still under suspicion, since it is 
known that during its construction nearly 50 years ago difficulties 
were experienced in tunneling in the area concerned. The evidence 
to date points strongly to this as being the probable source of 
contamination. (Since found to be not leaking.—Author.) 

In connection with the investigation of the New Polk Street tunnel 
system, it is planned to study the possibilities of seepage of ground 
water into the tunnel as it passes under the Chicago River, where 
penetration of ground water is known to be not unusual, due to a poor 
character of sub-strati. Ii, may be possible that at times the static 
head of ground water surrounding the tunnel is greater than the 
outward pressure of the water in the tunnel, because of the lowered 
head, due to friction losses from six miles flow in a gravity tunnel. 
If such is the case and the walls of the tunnel are not tight, ground 
water would be able to seep into the tunnel. 

The proximity of the Illinois freight tunnel, which crosses over the 
Polk Street tunnel twelve times in one mile, and the possible effect 
of same will also be studied. On the west side of the Chicago River 
there is only 4.3 feet difference between the crown of the water tunnel 
and the invert of the freight tunnel. On the east side this difference 
is 6.3 feet. However, as the freight tunnel has sumps for the collec- 
tion of drainage water there is need for very careful investigation of 
the potentialities for pollution entering the water tunnel. Of course, 
under normal conditions the freight tunnel would be in most jeopardy, 
since both tunnels are upward of 50 feet below the lake level. How- 
ever, since there are private shaft connections in many large build- 
ings in Chicago to this freight tunnel, in times of extreme emergency, 
such as fire, this tunnel may become flooded by water or sewage 
from surface sources. 

The routine analyses of samples of water from the Southwest land 
tunnel and the Wilson Avenue tunnel have directed attention to 
abnormal increases in the contamination of the water in these tunnels 
in passing under the city. As both of these tunnels and their shafts 
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are baffling. Several bacterial surveys of shafts in oe system have 
been made, but it has not as yet been possible to locate the source of 
contamination. The difficulty at the Wilson Avenue shaft has been 
clearing up, but at Roseland it has become more serious. 

At this station the sampling pump was at first suspected and was 
removed and carefully sterilized, but the condition still persists. 
Plans are under way for an intensive investigation of this tunnel 
in the vicinity of the pumping station where the condition seems to 
be localized. 

In concluding this report, I believe the experiences we have had in Bat? se 
Chicago with water supply control work, especially in connection 
with the contamination of water passing through tunnels, which are 
of especial interest and importance to weter works officials, are: 

1. Bacterial analyses are invaluabl_ for supplying information 
concerning the quality of the water at «ll important points from the 
source to the consumer’s tap and should be arranged for in public 
water supply control work. 

2. The collection of bacterial samples shortly after periods of 
excess rainfall gives best results in detecting contamination of tun- 
nels due to surface seepage. Fda 

3. Daily bacterial samples over an extended period of time give _ 
more reliable information concerning tunnel leakage than a number 
of samples taken during a single day or part of a day, especially if oF ; 
the samples of the latter series give negative results. . 

4. The collection of extensive meteorological information is an 
important factor in water supply control work in Chicago where 
chlorination alone is depended on for disinfection. 

5. The construction of water tunnels under private property and 
the permitting of private connections to these tunnels are potentially 
dangerous policies. 

6. Any program which calls for the use of land tunnels for the 
delivery of a filtered water supply should provide for the complete 
protection of these tunnels against all possible sources of contamina- 
tion; and also for treatment of the water for disinfection immediately 
before it is — to the distribution system. 
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STANDARDIZED ELEVATED STEEL WATER TANKS! 
By J. E. O’Leary? 


Elevated water tanks and standpipes have occupied a position 
almost parallel with cast iron pipe in the development of our modern 
__water-works systems. There is scarcely a small or medium sized 
plant in the United States or Canada that does not boast of one or 
more elevated tanks or standpipes and their use is by no means 
_ limited to smaller plants. Large cities are beginning to appreciate 
and utilize these elevated storage reservoirs to secure better pressures 
in outlying sections and also to lower their pumping costs. The 
increase in the use of elevated steel tanks and standpipes by the 
. ~ larger plants has been very noticeable in the last eight years and it 
sg is particularly interesting to observe the movement toward larger 
Ay. tanks and standpipes. Ten years ago elevated tanks over 100,000 
* 4 gallons capacity were rare, today sizes from 300,000 to 500,000 
gallons are common and up to 1,000,000 gallons are not unusual. 
os There is no longer hesitation on the part of engineers to elevate over 
4000 tons of water 75, 100 or even 150 feet in the air. 
_ The design, manufacture and erection of elevated steel tanks and 
_ standpipes have developed into a highly specialized industry to which 
a number of companies devote practically their whole energy. As 
“ae ars might naturally be expected this specialization has resulted in al- 
most uniform products, both in appearance and in design, from the 
ae _ more prominent manufacturers in the field. Today a large percent- 
a i x age of the elevated tanks being constructed in this country are 


built to the manufacturers’ standard specifications. Fully 75 per 
ae, cent of all specifications for new plants or improvements to existing 
plants call for tanks and standpipes to be furnished on practically 
the same basis as they do pumping equipment, that is, to specify the 
ee ae - capacity in gallons and the height to which this capacity is to be 
ao elev ated in the case of tanks, while in pumping equipment the 
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1 Presented before the Manufacturers’ Association meeting, Louisville 
Convention, April 28, 1925. 
ee 2 Pitteburgh- Des Moines Steel Co., Pittsburgh, Pa. 
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capacity in gallons per minute and the pumping head are the vital 
factors. It is also common for the engineer to specify the allowable 
working stresses, the loads and the size of pipe connections. The design 
and details are left almost entirely to the manufacturer. I submit 
that this is a most logical position to take, as the tank specialist is 
more interested in the complete success of his structure than even 
the buyer, for the manufacturer has a business reputation to main- 
tain which is more valuable than any single job or series of jobs. 
So it is up to the tank manufacturer to design and build the best 
possible structure for the lowest practical price. 

I dare say there is no engineer or superintendent in this audience 
who has not given his whole hearted approval to the efforts of our 
able and eminent Secretary of Commerce, Herbert Hoover, to 
eliminate waste in industry. You are all more or less familiar in a 
general way with the intensive program of standardization that is 
being promoted by Mr. Hoover and his Department. Every few a 
days we read of some group of manufacturers, engineers and users _ 
being called to Washington to discuss their particular industry. ‘se, 
There is scarcely a single one of these conferences but that brings ‘= a 
to light conditions of waste that are more appalling than those that 
have gone before. 

This work is being carried on by the Division of Simplified Prac- - 
tice of the Department of Commerce with Mr. R. M. Hudson in Oe 
charge. The aim and scope of this program can perhaps be best > a 
told by quoting a few paragraphs from a recent bulletin of the Divi- rr! 
sion entitled ‘Simplified Practice, What It Is and What It Offers.”’ “Se 


Many of our industries—many more of our businesses—believe that we are 
suffering from too great variety in almost every article of commerce in this — 
country. Leading men in widely different fields agree that the reduction of 2a 
variety, the simplifying of industrial and commercial practice in n any line, w 
will secure some or all of these advantages: 


Simplified Practice will decrease: 


nal 


Misunderstandings 
_____ All costs to user (including initial accessory and maintenance costs). 
Simultaneously, Simplified Practice will increase: 
Turnover 
tae Stability of employment 
Promptness of delivery 


Foreign commerce 
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Quality of product 
= Profit to producer, distributor and user 

Pea Frequently a manufacturer, or group of manufacturers, would like to 
_ eliminate excess varieties, but feels that the producers cannot properly ap- 
proach either the distributors or the users of these articles with such a pro- 
posal. In other lines it is the distributors who would like to bring about 
reduction of variety, if they could get the manufacturers and users to agree, 
while in still others, it is the user who would most appreciate fewer kinds. 
_ Secretary Hoover has established the Division of Simplified Practice to 
__- serve as a centralizing agency in bringing producers, distributors and users 
together and to support the recommendations of these interests when they 
Meal } shall mutually agree upon simplifications of benefit to all concerned. Any 
; group in any branch—production, distribution or use—can secure the services 
oe of the Division upon request. 


- — It is the purpose of this paper to tell you something of standardized 
elevated tanks. Even before the Department of Commerce ap- 
_ proached the subject, the Company with whom I am connected made 
a careful study of the thousands of elevated tanks they had built 
in the past twenty-five years. It was surprising to find what a 
= large percentage of our structures fell into certain groups, particularly 
; as to capacity of tank. It was decided to tabulate carefully the tanks 
builtin the five years preceding the study. Eliminating a few very 
a - special and unusual structures, it was found that there were only 
twenty-one different sizes of tanks and more imposing still that there 
were only 13 different capacities, there being many cases of two or 
more sizes for the same capacity. Of the 21 sizes of tanks, the 
- figures showed that 82 per cent of the total production was in 9 
_ sizes, and that these same nine sizes represented only 7 different 
_ capacities which were divided as follows: 


per cent 

81.8 


3 From these figures it was apparent to us that we would be quite 
justified in adopting these seven capacities of tanks as standards 
that would meet the requirements of nearly 85 per cent of our 
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customers. Keep in mind also that our product is used by three 
distinct classes of clients, municipal or private water systems, rail- 
roads, and industrial plants in connection with automatic sprinkler 
systems. 

The study so far had only considered the size and capacity of 
tanks. The height of the tower was next investigated. Here we 
ran into greater variation due perhaps to different customs in the 
three industries in specifying the height of tower. In municipal 
work the height of tower was usually determined by specifying the 
distance to the maximum or minimum water line. As a heritage 
from the days of the wood tank, we find the height to the balcony 
often specified. In sprinkler tanks it is almost universal practice to 
specify the height to the minimum water line or, in other words, the 
fire insurance interests say definitely the minimum pressure that is 
acceptable on sprinkler systems. Most railroads also specify the 
height to the minimum water line as they want their tanks only 
high enough above the rail to assure the tenders of locomotives being 
filled in a reasonable time, commensurate with low pumping costs. 
We adopted as standard practice the tower height as the height to 
the bottom or capacity line of the tank and all references in this 
paper, to tower heights, are on this basis. 

While the variation in the height of tower was large, nevertheless 
the tendency of the structures to fall within certain group limits 
was very marked. On railroad tanks the range was between 15 
and 25 feet, with the great majority around 20 feet, so that we felt 
justified in adopting one standard height of railroad tower, namely 
20 feet. In sprinkler installations the tendency for variation was 
less marked with the height of structures falling into groups around 
75 and 100 feet with a great majority of these structures being at 
these two heights. The municipal tanks seemed to offer the greatest 
variation in the height of tower, due probably to causes mentioned 
heretofore. In spite of the large variety of tower heights there was 
still the same tendency to fall in groups with the preponderance 
being at three distinct heights, namely 50, 75 and 100 feet. 

With these definite facts as to tower heights before us we have 
proceeded with our program of standardized elevated tanks. The 
capacities were limited to seven in number, namely, 25,000, 30,000, 
40,000, 50,000, 60,000, 75,000 and 100,000 gallons; all of these 
capacities being standard for municipal and sprinkler tanks, butonly =| 
the 50,000 and 100,000 for tanks. The standard height of 
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tower for both sizes of railroad tanks is 20 feet. Two 
# : heights for municipal and sprinkler tanks were fixed for all of the 

& _ seven capacities, namely, 75 and 100 feet. These we call our Class 
oe z A Standards and we carry them completely fabricated in stock for 
E 4 immediate vehepanent. When an order comes in for a Class A tank 


= ~ easting to the saucer plate and then load the structure onto cars from 
the stock piles. 
While the study of tower heights clearly indicated that 75 and 
7 = 100 feet were the most common ones, it also showed the necessity 
of other heights between these figures. 
a There seemed to be no question but that other heights should be 
provided in our program of standardization, so a number of inter- 
mediate designs were developed. This second series we designate 
our Class B Standards. It was possible to amplify the Class B series 
by adding alternate column lengths for middle and bottom panels. 
For example, on the 50,000 gallon tank, the column section which 
: is uniform throughout and is made up of 2 channels, 12 inch X 20.7 
| ss pounds, laced, we have two top sections, three interior sections and 
= a Fo. two bottom sections. With these seven column sections we can make, 
aM not only the two class A Standards, but also nine Class B Standards 
> -. varying from 55 to 148 feet in height. The struts and wind bracing 
rods are carried in stock completely fabricated for all Class A 
Standards, while on Class B structures it is usually necessary to 
ne ee: . fabricate the rods and struts for one or two panels. The tank, of 
ay: 4 course, is the same for either Class A or B Structures. 


‘The only thing that prevents us from carrying the Class B series 
* completely fabricated is the fact that the demand for each height 
08 of this series is not sufficient to warrant the tying up of capital in 

‘a _ material and shop labor. If experience should show anyone the 

desirability or if more sizes in the B Class became sufficiently active, 

we could immediately move these sizes into Class A and carry them 
completely fabricated. 

_ And now that I have told you something of the sizes adopted in 

oe this program of standardization, let me try to point out to you some 

: Ag of the mutual advantages to be derived by both producer and con- 

sumer. 

The interest of the consumer is confined to three features i in don 


Re price. Today I believe the average buyer, be he owner or engineer, 
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in considering any capital expenditure such as for an elevated tank, 
will compare his bids on the basis of the three points mentioned 
above and in this same order. If a standardized product gives the 
most in quality, delivery and price, then and then only is a program 
of standardization justified. It is my purpose then to discuss from 
the manufacturers’ standpoint the advantages of a standard tank. 

Taking the discussion up somewhat in the order a job is handled 
through the plant I come first to drawings. As you probably know 
the elevated steel tank was developed in the bridge and structural 
shops. Detail shop drawings have always been one of the thorns 
in the flesh of the fabricator, both in the matter of time and ex- 
pense. A complete set of detail plans for a 50,000 gallon tank on a 
100 foot tower would probably cost the average shop, which did not 
have any standards at least $500. If never used again, this item 
represents a substantial part of the cost of such a structure, but 
assume that 25 duplicate tanks be built from this same set of plans 
and the economy becomes self-evident. 

What has been said of shop drawings applies equally well in the 
making of shop templates, particularly for plate work, in the matter 
of cost as applied to one job or 25 duplicate jobs. Because of the 
number of times the same template can be used on standardized 
work, we are enabled to make steel templates which are very care- 
fully laid out by hand and thoroughly checked and rechecked so 
that there is no possibility of error. These templates do not suffer 
from the errors that often creep into wood or paper templates due 
to changes in weather conditions, nor are they likely to be racked or 
broken in handling. The steel template, which is only feasible on 
duplicate work, does more to guarantee and produce absolutely true 
shop work than any other one thing. There is no other branch of 
the entire standardization process that shows up to better advantage 
than that of templates, and this is possible only because of the 
duplication as stated above. It is evident to anyone that steel 
templates would not be possible from an economical standpoint, 
if they were used on only one job. 

Then we come to the materials, the plates and structural shapes 
from which the structures are built. With both the tanks and 
towers standardized it is possible to decrease to a large extent the 
tonnage of steel carried in stock. This means a big saving in interest 

charges, for steel runs rapidly into money and the interest on this 
Investment in 


4 
>| 
or : 
ya 
e 
38 
r 
k 
iz 
> 
y 
> 
| 
7 
4 
— 
ct 
an 


It is the same question of “turnover” 


a. that is present in every merchandising project. Quick turnover _ 


and a low margin of profit are the slogan of the present business age 
‘fr a Another decided advantage gained by standardization is in the 
fact that plates and shapes can be ordered to exact size, thereby 
eliminating the scrap or waste item which is a big factor on most 
fabricated jobs. Of course, it would be possible to order all materials 
en to size for any job from the mills, but in busy times a shop cannot 
depend on the mills for prompt deliveries and must carry large 
stocks of plates and shapes. 
It is in the fabrication of these steel structures that the manu- 
 facturer has the opportunity to make savings by modern methods 
and up-to-date machinery. But a greater factor than either of 
these is duplication and duplication is not possible to any great 
extent except in a standardized product. The outstanding example of 
o the benefits of standardization is the Ford car. So familiar is every- 
one with this product that no discussion is necessary. While we 
can never hope to approach the degree of perfection obtained by 
a the Ford organization, we can already see the big savings that are 
_ possible in fabricating fifteen or twenty duplicate structures at one 
time. There are many fine machines today that are a distinct 
liability to a plant for lack of work to enable them to earn their way. 
With the continuous operation that standardization offers these 
_— machines become real assets in their ability to turn out work 
at low costs. These modern machines also have the advantage of 
pa: _ producing a better and more accurate grade of work than was ever 


Je a _ our ladder making machine on which all the operations are done on 
Pe - one machine, punching the side bars, swedging the rungs and rivet- 
Be Ss ing the rungs into the side bars. This machine makes much better 


___ Iadders than were every made by the old process at one-fifth the 


a i Wa cost. But keep in mind that it must have ladders to make in order 


to pay for itself. Punching of both the plates and the structural 
a members constitutes a fairly large part of the shop work on one 
a. of these structures. With the steel templates heretofore mentioned, 
2 no laying out of plates is done, the template being clamped onto the 
— correctly sized plate and the punching done directly through the 


steel template. 


ra 


a: _ possible by the antiquated hand methods. An example of this is — 4 


the structures actually sold, 
a mns also shows to a marked degree the benefits of 

o- standardization. Instead of using the old type of machine with a 
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fixed cutter, which could only mill one column at a time, we are now 
able to utilize a milling machine with a travelling cutter which 
permits as many as twelve columns being clamped into correct 
position and milled at one setting. Likewise in dishing hemispheri- 
cal bottom plates, the changing of the machine to accommodate 
different diameters of tanks has been one of the time consuming 
elements that built up costs. The savings to be made by permitting 
the machine to dish on a single size of plates for a full day’s run are 
self-evident. 

While it is true that the greatest advantages and savings from a 
standardized product are most evident in the manufacturing end, 
still to a lesser degree is this same advantage maintained in the 
erection of these structures. Because of the uniformly better grade 
of shop work that is turned out on account of standardization, the 
work naturally fits together much better in the field with the result 
that the time required for assembling and riveting is materially 
reduced. Further savings are also possible on account of workmen 
becoming more familiar with the small number of tank and tower 
sizes and heights that are used in this standardization program. 
Then of course there is the further advantage in the matter of 
erection equipment. With the tower heights standardized, naturally 
the rigging equipment is more or less standardized to handle the 
work. The time saved in the erection due to the better shop work 
and the familiarity of the workmen with the uniform product are 
outstanding advantages of a standardization program. 

As suggested earlier in this paper, one of the real premises on 
which a standardization program is justified is the quality of the 
product. It is unnecessary to argue this point. With steel tem- 
plates, as stated above, it is practically impossible to make any 
errors in punching the plates or shapes, so that when once the steel 
templates are correct, the problem of producing correct shop work is 
entirely eliminated. This means a quality product. The shop 
work being correct there are none of the field errors that have been 
found so often in the past. 

Selling and engineering expenses are also decreased to a large 


extent by standardization. To design and estimate the cost of an 


average size of tank and tower of special design will require the time 
of a good engineer for the better part of a day. When this same 
man can prepare proposals on fifteen standard outfits in the same 
length of time the saving is quite anaes 
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As stated in an early paragraph, the only reasons for a standard 
product are to save time and money and to produce a better article. 
I have attempted to show you wherein we have been able to ac- 
complish this in our standardized elevated water tanks. I would 
feel that I had failed in my purpose if I did not urge upon each of 
you engineers and superintendents the desirability of investigating 
these standard sizes of structures and trying to make them applic- 
able to your personal problems. The range of tank capacities is 
such that it fits the exact needs of 82 per cent of your installations. 
The tower heights vary more than this, but it is rarely the case that 
your problem of design is affected much by an increase in the height 
of tower of 10 feet. To complete the record I am giveng you a tabu- 
lation of our Class A and B Standards: 


B B B A B B A B B B B B 

25M | 44’8” | 50’0” | 69’8” | 75/0" 100’0” 125'0" 

30M | | 50’0" | 69’8” | 75/0" 100’0” 125'0" 

40M | 46’3” 75'0" 963" | 1000" 125’0” 

50M 55’0" | 63’4” | 75’0" | 83’4" | 91’8” | 100’0" | 111’8” | 120’0" | 128’4" | 1400" | 148’4” 

60M 55’0" | 63’4" | 75’0" | 83’4" | 91'8” | 100’0” | 111’8” | 120’0” | 1284” | 140’0” | 148’8” 

75M | 63’4" | 75’0" | 83’4" | | 100’0” | 111’8” | 120’0” | 128’4” | 1400” | 148’4” 
100M 50’0” | | 75’0" | 79’7" | 91'6” | 100’0” | 113’1” | 116’6” | 125’0" | 1416” | 153’4” 


You will recall that Class A designs are carried in stock completely 
fabricated and ready for immediate shipment. Class B designs 
use the same tanks as Class A and so the tanks are also entirely 
_ fabricated. Likewise the columns are all finished, so that the only 
_ work to be done on Class B Standards is the fabrication of some of 
the struts and rods. 

This discussion has been confined entirely to tanks from 25,000 
— to 100,000 gallons, for, as explained in the early part of this paper, 

this range of sizes comprised 82 per cent of all the tanks built by 

our company in five years preceding the adoption of our standardi- 
gation program. You will understand of course that both large 
and smaller tanks are often desirable and the designs are thoroughly 
standardized, but as yet the demand is not sufficient to warrant 
i: their being casted completely fabricated in stock, so I have elim- 

inated them from this discussion. The use of standard designs 
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DIESEL ENGINE OPERATED MUNICIPAL WATER 
WORKS! 


By Rogsert V. Coox? 


During the past four years, it has been the author’s privilege to 
ub visit hundreds of water works throughout the Great Lakes Section. 
This has afforded an opportunity to study types of installations now 
in use—their condition and economy—and changes in types of 
installations which are being made. Conclusions drawn from such 
. a study are presaged by an examination of current literature. Almost 
every new book or magazine along the water works line one picks 
: up these days—whether American or from England or the Conti- 


nent—tells about a steam operated water works which is being 
changed to electric or Diesel engine drive. A few years ago such 
| articles dealt with very small plants serving small communities, but 
ae of late this tendency is quite manifest in cities of from 3000 to 
4 20,000 population, and a few installations have been made in much 
larger cities. 

After reading about such changes so often and possibly seeing it 
transpire in the old home town, one naturally begins to wonder just 
how extensive the movement is in this locality. Also, how are 
Diesel engines applied to water works? Are they usually mechani- 
cally or electrically connected to the pumps? Are they used for 
the main source of power or for standby service? 

We can best get our answers to the above questions by referring 
§ to the classification in table 1, according to source of water supply 

. and manner of applying power. 

a Most of the plants mentioned in the table use machinery of Fair- 
banks Morse make, because the facts on these are most readily ac- 
% cessible to the author. Our study today, however, is intended to 
¥ be of general interest and truly representative of actual conditions, 
so we will endeavor to make our statements and draw our conclu- 
sions accordingly. 


1 Presented before the Illinois Section meeting, March 17, 1925. wt 
* Manager Pump Department, Fairbanks, Morse and Co., Chicago, (lial 
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At the Chariton, Iowa, plant the engine is directly connected to 
‘s power pump and unit placed in a pit so that pump is within suction 
TABLE 1 q 
Typical engine operated municipal water works 
Classified according to water supply and manner of applying power 


I. Water from springs, flowing wells, or lakes and rivers (not filtered) " 
1. Power pumps direct connected to Diesel Engines: y 
a. Chariton, Iowa : 

b. Spring Valley, Ill. 


c. Decorah, Iowa 
a | Centrifugal pumps direct connected to engines through step up 


ok gears or belted to engines: 
ee a. Marion, Iowa 
A b. La Porte, Ind. ida 
3. Generator sets pulling motor driven pumps: at 


a. Quincy, Mich. 
II. Water from wells by air lift: 
1. Compresser direct connected to engine; booster pump belted: 


Galva, TIL. 


4 


b. Polo, +3 
Je c. Dodgeville, Wis. 
d. Fond du Lac, Wis. 
2. Compresser belted to one engine; booster pump belted to another 


by engine: 


met a. Elkhorn, Wis. 
ea 3. Generator sets pulling motor driven compresser and motor driven 
booster pump: 


a. Neenah, Wis. 

an x III. Water from wells by deep well turbines: 

‘ 1. Turbine belted to engine; booster pumps belted to separate engine 
a. Brookfield, 

2. Generator sets puiling motor driven turbine and booster pumps: 


a. Taylorville, Ill. on 
IV. Water from wells by power heads: - snk 
1. Generator set pulling motor driven heads and boosters: ; 

a. Perry, Iowa 

Water from rivers or lakes through filter plants: 


4 ag 1. Generator not pulling motor driven primary and secondary pumps: 


a. Charieston, III.: 
(1) Views before change 
(2) Views after change | we 


distance of water in well and one handling of water is all that is neces- 
sary. This is a very economical set, due to the fact that direct 
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connection means no transmission loss. It is typical of that por- 
tion of Iowa where it is located. 

A power pump directly connected to a Diesel engine is used at 
Spring Valley, Ill. Flowing wells discharge into a reservoir located 
under the pump room floor. The maximum suction lift is only 9 
feet, which of course is a favorable condition. An electric driven 
centrifugal pump is used for a standby. The power pump is for 
general and fire service. Here is one advantage of a power pump; 
namely, it can be used for both general service pressure and fire 
pressure without a change of speed. Of course, in making the 
installation the engine is figured of large enough b.h.p. to pull the 
pump when working under fire pressure. A relief valve set slightly 
above general service pressure protects the pump and is hand closed 
in case of fire. 

Occasionally Diesel engines are directly connected to centrifugal 
pumps. The speeds of the two units, however, are such that step- 
up gearing is necessary. Several such installations have been made 
recently; for instance, that at LaPorte, Ind. Such outfits work 
very nicely when service conditions are favorable. The step-up 
gear used is of the enclosed herringbone type—in fact, is simply 
the orthodox steam turbine step-down gear reversed. Such gears 
have been refined and perfected in steam turbine practice and they 
are a work of art and a credit to the engineering profession. Trans- 
mission efficiency of 98 per cent is commonly guaranteed by the 
manufacturers and the gears operate without trouble for long periods 
of time. Usually, the gear, being of a similar size of an electric 
motor of the same horse power, is mounted on an extended bedplate 
with the pump, the high speed end of the gear connected thereto 
through flexible coupling. The gear and pump looks like a motor 
driven set. The low speed end of the gear is connected through 
flexible coupling to the Diesel engine crankshaft. Because of the 
fact that modern Diesel engines are provided with speed regulating 
devices which can be adjusted during operation, the speed of such 
a set, and consequently the capacity and head obtained, can be 
varied easily. This means that the set can be operated at low 
speed for general service pressures and capacities at higher speed 
for fire pressure and capacity. Now, the gears usually have a ratio 
of something like 1 to 5, so that changing the engine speed—say 
50 r.p.m.—would change the pump speed 250 r.p.m. which would 
result in considerably higher capacity and pressure. This illus- 
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trates the flexibility of the set. They are economical in operation _ 
and are easily placed in buildings because all of the equipment is 
in one straight line. This type of outfit is becoming increasingly 
more popular. 
It will be noticed that in both the Chariton, Iowa, and the _ 
Spring Valley plants the engine used is of the single cylinder type. 
Probably we should digress for a few moments and discuss the 
features of modern Diesel engines which are applicable to water 
works problem. In steam engine practice, when a larger b.h.p. 
is wanted the engine cylinder bore and stroke are increased. Larger 
cylinders result in better economy. That is only true to a limited | - 
extent in the case of Diesel engine design. Usually engines are 
constructed having cylinders capable of 37}, 50, 75, 100, and, in 
rare cases, as large as 200 b.h.p. per cylinder. Considering a 50 3 
h.p. as typical, when a 100 h.p. is constructed two cylinders are 
provided. 
In the engine no valves are used, ports being provided in the _ 2 
cylinder wall for both the air intake and the spent gas exhaust. _ 
Fuel is injected into the top of the combustion chamber just as the 
piston reaches the top of the stroke, the timing of the injection and 
the amount of fuel injected being accurately regulated by the fuel 
injection and governing device set on the control end of the main 
crankshaft. The cycle begins with the upward movement of the 
piston from its lower dead center. After the piston covers the 
exhaust port, compression of the charge of fresh air, which has been 
received through the crank case under a slight compression and 
been trapped above the piston, begins. During the compression _ 
stroke, the piston acts as a pump drawing air into the crank case 
through an automatic suction valve. This is the scavenging air. 


the means described above. The compression of the air to 500 — 
pounds has heated it and when the oil comes into contact with this 
hot air burning of the fuel takes place at a constant pressure which 
is approximately equal to the compression pressure, the piston mov- 
ing downward on the working stroke. Expansion occurs after 
burning, completing the downward stroke of the piston. On this a 
stroke the air in the crankcase is compressed. The expanded gas 
leaves the cylinder when the exhaust ports are uncovered and im- 
mediately thereafter the piston uncovers the scavenging or inlet 
port. A charge of fresh air then passes from the crank case through 
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the transfer passage and air inlet ports into the cylinder, thus com- — 
pleting the cycle. The order of events within the cylinder during 
a complete cycle are, compression, constant-pressure burning, 
expansion, exhaust, and scavenging. | 

One of the important features of a construction is the lubricating 
system. The system includes a mechanical lubricator mounted on 
a small platform provided just above the governing mechanism, 
an outside filter, a clean oil circulating pump, and a used oil, two 
plunger, circulating pump. Lubrication is entirely automatic, as the 
engine turns over with an abundant quantity of clean oil supplied 
to all moving parts. The clean oil pump delivers new or filtered oil _ 
to the mechanical lubricator. This is provided with an overflow and 7 
the surplus is carried down over the eccentric and air-starting cam, | 
collecting in the reservoir formed by the extension of the lower base 
that supports the injection pump and governor housing. The gover- — 
nor dipping in this well keeps the injection pump mechanism and the ~ 
governor covered with oil. This well is interconnected with the 
main bearing oil wells, which bearings are of the ring oil type dipping 
into said wells. An overflow is provided that maintains a constant 
level of oil throughout the main bearing and governor oil wells, this 
overflow going directly through clean oil pump to mechanical lubri- 
cator. The used oil from the crank case is drained into a pump, 
from which the used oil pump delivers it to the filter, where it goes 
through a slow and thorough filtering process, rendering it suitable 
for use again. In addition to being connected with the overflow 
of the oil wells, the suction of the clean oil pump is connected to the 
clean oil compartment of the filter, so that clean oil is withdrawn 
therefrom as needed. Since the level in the interconnected wells is 
higher than that of the filter, the clean oil pump draws its supply from 
the interconnected wells when the level is high enough to permit a 
discharge through the overflow. As this level recedes, clean oil is | 
supplied from the filter, thus maintaining a constant level in both 
the mechanical lubricator and the interconnected wells, with no 
hand adjustments necessary. Now that we have examined the 
nature of the engine itself, its method and cycle of operation, the 
method of starting, and the lubricating system, let us go on with 
our study of existing plants. 

The Galva, IIl., plant consists of a Diesel engine directly connected 
to an air compressor, the booster pump being belted to the same 
engine. Since one engine operates both compressor and booster 
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pump, it is desirable in such an installation to have the capacity of 
water from the wells into the reservoir practically the same as the 
capacity of the booster pump drawing from the reservoir and dis- 
charging into the mains. Such a balance obviously maintains a 
constant level in the surface reservoir, which can be kept practically 
full all the time so as to have a considerable quantity of water on 
hand in case of fire. This balance is accomplished by determining 
accurately the capacity of water from the wells and then adjusting 
the speed of the centrifugal booster pump so as to give the desired 
be: discharge pressure delivering the same capacity as that secured 
from the wells. This adjustment is sometimes hard to make and 
» it is therefore sometimes found advantageous to put a float valve 
4 
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in the surface reservoir operating the compressor unleader. So 
as to be sure that the reservoir will stay full when this device is 
used, the booster pump capacity is adjusted slightly under the 
7 capacity from the wells, since the unleader regulating device is 
, _ operative only at high levels in the reservoir. Although air lift 
pumping is considered not as efficient as some other methods, when 
: the compressor is directly connected and the booster pump belted 
transmission losses are negligible and the overall economy of the 
installation is surprisingly good. Instances of similar installations 
are: Polo, Ill., Dodgeville, Wise., Fond du Lac, Wise. Although in 
the latter case steam booster pumps are employed, these are hang- 
overs of the old installation and it is understood that changes are 
anticipated. 
Almost a similar installation is that in which a compressor is 
belted to one engine and the booster pump is belted to another 
engine. Such a plant is that at Elkhorn, Wisc., where two separate 
engines are used. It really is not necessary to adjust accurately 
the capacity of the compressor to the capacity of the booster pump, 
although such adjustment will save operator’s time. When belts 
are used on a job of this kind, ball bearing belt drive idlers, which 
ss permit the use of short belt centers and which take up the stretch 
sin the belts, are favored. 
- When the pumping installation is of considerable capacity or 
oe a when more than one compressor and more than one booster pump 
: are employed, general practice is to install Diesel engine generator 
_ gets which pull motor-driven compressors and motor driven booster 
= pumps. Such a plant is that at Neenah, Wisconsin. The oil 
e a engine generator set in this case was purchased as a standby source 
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of power, the plant being formerly operated on purchased power on _ 
an average of 1.8 cents per kilowatt hour. Shortly after the instal- bs _ F 
lation was made, a sleet storm brought about an offage and the _ 
generator set was turned on. It was discovered that this would 4 . 
pump the water cheaper than it could be done by the purchased _ 
power, so the plant is today being mainly operated by the Diesel 
engine generator set, the purchased power serving as a standby. : 

The next classification involves plants securing water from deep 
wells. Sometimes engines are belted to deep well turbines by a half 
twist, as at Brookfield, Ill. In this case two booster pumps are each 
belted to small Diesel engines, using short belt drive. A high speed — 
gasolene engine fire pump serves both as standby and fire service. _ 

The small space required for a Diesel engine pumping installa- 
tion should be emphasized. The building at Brookfield was de- 
signed particularly for the Diesel engine equipment and is com- a 
pact and of economical construction compared to other water 
works plants of the same capacity. Cooling towers are used in 
connection with the engine cooling water circulation system. Such 
systems are employed when the local water supply is hard and 
eliminates possibility of cylinder head cracking due to scale form-— 
ation in the jackets. 

Taylorville, Ill., is our next subject. This plant was formerly — 
operated by steam. The water was secured from eight small drilled 
wells pumped by steam heads. The equipment consists of two similar __ 
Diesel engine generator sets, each of which is capable of pulling the he 
pumping lead, the second engine remaining idle as a standby unit. © 
There are provided suitable switchboards with all necessary instru- _ 
ments and two motor driven booster pumps, each having the city’s 
average consumption capacity. 

This Taylorville installation is typical of recent tendencies and is _ 
a fine illustration of the two unit plants going in cities of from 5000 
to 20,000 inhabitants. Equipment in duplicate is used throughout, 
so as to secure minimum insurance rates and so that the plant will 
be entirely self-contained and independent of outside power, thus 
insuring operation under all weather conditions. 

Another two unit plant is that at Perry, Iowa. Here the water , : 
is secured from drilled wells by means of motor driven power heads © . 
which discharge into a ground reservoir. From there the water is 

pumped into the mains by means of two motor driven booster — 
pumps. 
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The City Treasury of Perry, Iowa, is reported as being in much 
better condition since their old steam plant was changed into this 
Diesel engine driven plant and the consequent economies effected. 

We come now to those plants handling water from rivers, lakes, 
reservoirs, etc., where there are two handlings, one from the source 
to the filter plant and one from the clear well to the mains. 
Charleston, Illinois, serves as a fine example. 

It should be explained that this pumping station is located in the 
valley of the Ambergris River, 23 miles east of Charleston, III. 
The static elevation between the pump floor and the average eleva- 
tion line of town is around 100 feet, making the pump discharge 
head, which must include friction and standpipe pressure, a little 
over 100 pounds. It will be interesting to note that even with this 
high pressure the equipment was sold with a guarantee of a cost of 
fuel and lubrication of not to exceed 14 cents per thousand gallons 
of water pumped. Official tests demonstrated that this guarantee 
was conservative and acceptance was readily made. 

The Charleston installation has proved a pride to the community 
and gives a good idea of what can be accomplished by the proper 
application of Diesel engine power to municipal water works which 
was formerly steam operated. This entire outfit is being paid for 
out of the difference between the former coal cost and the present 
fuel oil cost. At the present rate of saving, the equipment will 
actually pay for itself in less than three years. 

Another very good illustration of the two unit generator installa- 
tion pumping out of river into filter plant and from filter plant in 
the mains is the installation which is just now going into Portage, 
Wisconsin. This was designed by Pearse, Greeley and Hansen and 
represents the most modern water works practice and very unique 
filter plant construction. Work has not progressed far enough 
so that good installation photographs could be secured, but it is 
estimated that the plant will be operating and ready for inspection 
about July 1 of this year. Portage is spending approximately 
$150,000 for this new filter plant and its equipment. 

All of the above will give the impression that Diesel engines are 
becoming increasingly more popular as the source of power in water 
works, plants. Sometimes they are installed as standby units, 
because they are dependable, but more frequently they are installed 
as the main source of power. The manner of applying the engine 
to the plant depends on the source of water supply and whether the 
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water is handled once or twice. When the water is handled once 
and when air lift pumping is used, the engines are more frequently 
directly connected to the pumping units. When the water is 
handled twice or when duplicate equipment throughout is used, or 
when the installation is of considerable capacity, electrical trans- 
mission of power is most frequently employed. 


WHAT ABOUT FUTURE OIL SUPPLY AND PRICE 


Probably the question as to the foresight of those making such — 
installations has arisen in your mind; in other words, have these _ 
municipal officials acted wisely, when these changes were made, in 
view of what can be expected concerning future fuel oil supply and 
price? We shall endeavor to throw some light on this situation. 
It is only fitting that we should mention here that the part of this 
paper which follows has been prepared in collaboration with Mr. C. 
B. Jahnke, Chief Engineer, Beloit Works, Fairbanks, Morse and — 
Company, where these Diesel engines are made—and the acknowl- | 
edgment of his valuable assistance, which is due, is hereby made. __ 

Just what is this fuel oil used in Diesel engines? How long will 
it last? What will the future price be? These are pertinent 
questions. 

Fuel oil as such originates at the refinery. Crude petroleum, 
or crude oil, is the raw product and is subjected to various refining 
processes, the backbon: of which is fractional distillation. The 
lighter fractions are gasolene and kerosene; the middle fraction is 
fuel oil. The heavier fractions are various grades of lubricating oil. 
The residue is paraffin and petroleum coke. Gasolene is the main 
spring. The demand for this commodity for the operation of auto- | 
mobile and stationary engines is tremendous and has increased rap- 
idly. This has compelled. the economical production of increasingly — 
greater quantities of crude oil. The rising nature of * petroleum 
production curve confirms this fact. A distinctly upward trend 
started in 1916, shortly after the beginning of the great war. Dur- | 
ing the past seven years, except for 1919 and 1920, which was the 
pre-war inflation period, the price of crude oil at the wells has been 
constantly under $2.00 per barrel and has varied little. This in- 
dicates that, as demand increased, production kept pace. In re- 
viewing refinery statistics, the supply of various petroleum products 
are found to be keeping pace with demand. Gasolene and fuel oil | 
demand are represented by almost parallel curves, having an upward 
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tendency. It appears certain that the demand for these products 
will continue upward for a number of years, judging from the im- 
mediate past. It also appears certain that production will be kept 
up on a par with demand by the working of present deposits (more 
economically, perhaps) and by development of new supplies. 

What is the reserve? Of course the extent of petroleum reserve 
is hard to estimate. Statistics made available through the United 
States Geological Survey show that the estimates of unmined petro- 
leum reserve made in 1908, 1915 and 1918 indicate a decreasing 
supply. The estimate of 1922, however, shows clearly that the 1918 
calculation was in error and insufficient and the tendency is again 
upward. ‘This was due to the discovery of new and fruitful deposits 
after the 1918 estimate was made. Nor was it all found by 1922. 
_ Production in a few fields, new or undiscovered when the 1922 esti- 
mate was made, has been great. At that time, for instance, the 
Smackover Field in Arkansas was not yet found, but during the 
past two years this field has produced over 77,000,000 barrels of 
petroleum and although less than two years old is outranked by only 
one field in the United States. Such developments will likely cause 
a continuous upward trend to the estimated supply curve when the 
next survey is completed and the curve is corrected to date. Al- 
though reserves are hard to estimate, it appears probable that the 
future supply will be adequate for as long a period as those now con- 
cerned will be capable of manifesting interest, due not only to pro- 
duction refinements and economies, but also to the discovery and 
_ development of the new deposits. 

Now, an assured supply does not settle the problem for us. We 
must not only have a supply, but we must have a supply at a price. 
What will happen to the price curve and how will this affect the 
use of fuel oil engines? First of all, we must realize that fuel oil 

( is a source of heat units and as such has at least one worthy competi- 
tor: coal. These two commodities are competitors, just as surely 
as two firms offering the same article are competitors. Is there 
not, then, an unavoidable price relation economically established 
- between these two products? Will not the price of the one balance 
: _ and stabilize the price of the other? Undoubtedly. In comparing 
4 the price of coal and oil during the past five and one-half years, if 
it were not for the high peaks in coal price during 1920 and 1922, 

- caused by strikes, the two curves would be in the main parallel. 
‘i ee This is to be expected. When one of the competitors tends to offer 
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heat units a little cheaper than the other, industry will buy in the 
attempt to minimize production costs. This increased demand 
affects the price and brings the curve back to parallel again. Only Aan 
two of the competitors have been mentioned; coal and oil. Electric- 
ity is somewhat in the same category. A great percentage of elec- 
tric power produced in the United States comes from coal, and | 
whatever relation coal bears to oil the same relation exists between __ 
electric power and oil; hence, the three will move peacefully on, the | 
price of one unavoidably related to the price of the other. If oil ra 
engine power is economical now in comparison to steam power or | 
electric power at present price levels, then it will tend to continue | ay 
economical in the same relation, regardless of the actual prices of VS) 4 
the different commodities, these being interrelated, as pointed out. . 

When our oil reserve as now worked does begin to diminish and - 
the price in dollars and cents has begun to mount, coal will have 
become more costly and electric power higher in price. It will then 
be time to look around for other liquid fuels to take the place of oil “7 
as competitor. Oil from shale, which is of an identical character to 
oil from the present method of production, will come into its own. _ 
Even now shale oil is being used and we could dwell at considerable © 
length on plants now actually producing at a reasonable price, and 
upon their possibilities. _ 

Coal and oil are related in other ways than from an economic © 
standpoint. They are blood kin. Geologically they are similar 
in manner of formation and chemically they are similar in composi- _ 
tion. Just as oil can be split by distillation into a number of dif- © 
ferent hydrocarbon liquids of different boiling points, so can coal, 
although hydrocarbons from the latter source are all of the benzine = 
ring construction. Byproduct coke ovens are turning out every  —- 
year in Europe and the United States an increasing amount of © ae 
benzol, toluol, xylol, and heavier liquids and solids which are good 
fuels for Diesel engines. These products are being used on the 
Continent and when the time comes that supply and demand have 
adjusted the price of coal, electricity and these products, they will 
be ready for heavier duty and will be employed more widely. 

We can summarize then by recalling the fact that oil reserves are © | 
adequate for a considerable period, that fuel oil price in comparison 
to other sources of power will remain economical in its present rela- 
tion and when fuel oil has disappeared from the market as an eco- 7 
nomical commodity there will be other liquid fuels, such as those © : 
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from coal and shale oil, which will undoubtedly continue the use of 
internal combustion engines of the Diesel engine type. 


WHAT RESULTS ARE SECURED FROM DIESEL ENGINE INSTALLATIONS 


What advantage, if any, has the Diesel engine when compared 
with other heat engines? The advantage is in thermal efficiency. 
A review of the typical heat balance of a high class steam engine 
installation indicates that 18 per cent of the heat of the coal fired 
to the boilers is gotten out of the engine in the form of actual brake 
horse power. This 18 per cent is unusually high and results only 
from steam engine installations employing modern high pressure 
steam boiler and modern condenser exhaust conditions on the engine. 
_ More frequently a thermal efficiency of 10 to 15 per cent would be 
found by an actual test. 

Compare this with results indicated by a typical heat balance of a 
Fairbanks-Morse Diesel engine. Thirty-two per cent of the heat 
units contained in the oil fed to the engines come out of the crank- 
shaft as brake horse power. This is almost double what can be 
expected from a steam engine installation. This means that one 
could afford to pay twice as much per heat unit for oil as is paid 
for coal, with the same plant economies resulting. It is no wonder 
that engineers generally concede that Diesel engines are really 
the most efficient prime movers yet developed from a thermodynamic 
standpoint. 

From the standpoint of actual fuel consumption, Diesel engines 

are economical. The type under discussion is sold with a fuel 
guarantee of 0.46 pound of fuel consumed per brake horse power 
hour at full rated load on the engine. Considering this low fuel 
consumption and the high thermal efficiency mentioned, it is no 
wonder that water works plants formerly operated by steam are 
being changed to Diesel engine operation. 

But you say this discussion relates only to fuel economy and that 
there are other factors involved which should be considered when 
a new installation is proposed. We recognize that fact. Of course, 

4 it is not intended to recommend the adoption of oil engines promis- 
- cuously, but study comparatively steam, electric, and Diesel engine 
power with the thought that we owe it to our profession to make 
recommendations covering equipment having the greatest overall 
x economy and possessing the most attractive features. The factors 
- which should be considered in the selection of machinery for a power 
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or pumping plant are first cost, life and dependability, and the overall 
operating cost. Fixed charges should, likewise, be considered. 

In order that we might have independent and disinterested esti- 
mates on the relative advantages of the different costs of pumping 


TABLE 2 
First cost of pumping equipment, auxiliaries and buildings for 12 m.g.d. station 


Note: As outlined below, four different types of pumping equipment are 
considered for this station. In the summary of costs those items have been — 
included which would differ for different types of equipment. Bad 

PUMP D 


PUMP A PUMP B PUMP C 


(A) 3-12 m.g.d. horizontal cross com- 


pound, condensing, crank and fly 3 = 
(B) 3-12 m.g.d. steam turbine driven ear 
(C) 3-12 m.g.d. motor driven centrifugals. $24 ,000 
(D) 3-12 m.g.d. horizontal triplex power 
pumps, geared to oil engines....... $210,000 


Boilers and accessories: 
Boilers, hand stokers, breeching, boiler 
feed pumps, foundations, settings, 


instruments and accessories........| 33,600} 38,500 
Steam piping and auxiliaries..............| 11,000} 11,000 
Duplicate transmission line: 
Duplicate line, transformers and wiring. s 10 ,000 
Piping for cooling water and oil.......... preg 1,000 
Pumping station building: 
(A) 417,562 cubic feet @ $.27...........| 112,742 ; 
(B) 394,568 cubic feet @ $.27........... 106,533 ; 
(C) 118,800 cubic feet @ $.30........... 35,640 am 
(D) 324,576 cubic feet @ $.28........... 90,881 
Concrete 5,000} 5,000 


water by means of steam, electric power, or Diesel engines, we 
requested Messrs. Maury and Gordon, Consulting Engineers of 
Chicago, to prepare a general report on this subject. They agreed, 
with the provisions that their report would be general in its character 
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TABLE 3 


First cost of pumping equipment, auxiliaries and buildings for 6 m.g.d.station 

Note: As outlined below, four different combinations of pumping equip- 
ment are considered for this station. In the summary of costs those items 
have been included which would differ for different combinations of 
equipment. 


PUMP A PUMP B PUMP C PUMP D 
(A) 2-6 m.g.d. horizontal cross com- 
pound, condensing, crank and fly 
an 1-8 m.g.d. horizontal cross compound 45 ,000 
aan (B) 2-6 m.g.d. steam turbine driven 
centrifugals. . $44 , 000 
1-8 m.g.d. steam turbine driven 
centrifugal. . -| 26,000 
(C) 2-6 m.g.d. driven contrifugais $8 ,000 
in a 24 m.g.d. gasoline engine driven — 
centrifugals......... 13,000 
(D) 2-6 m.g.d. oil engine driven duplex 
24 m.g.d. gasoline engine driven | 
13,000 
Boilers and accessories: 
Boilers, hand stokers, breeching, boiler : 
feed pumps, foundations, settings, al 
instruments and accessories........| 23,200} 25,650 
Steam piping and auxiliaries............. 6,000} 6,000 
_ Piping for cooling water and oil.......... 750 
Pumping station building: 
(A) 363,347 cubic feet @ $.27...........| 98,104 
{B) 358,892 cubic feet @ $.27........... 96 , 901 
(C) 126,000 cubic feet @ $.30........... oH 37,800 
(D) 216,000 cubic feet @ $.29........... 62,640 
Total. ees ($260, 604/$213, 151) $65, 100/$179,040 


7 a - and would contain no reference either direct or implied to the product 
por ci of any particular manufacturer or any type of machinery, provided 
also that the data as to costs and efficiencies on which their report 
_ and conclusions were based be secured by them not from any one 
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manufacturer, but to be based on information available from their 
experience and office records. With these understandings, a report 
was prepared. Tables 2 to 7 inclusive were prepared by Maury 
and Gordon and formed a part of their report. 


TABLE 4 
First cost of pumping equipment, auxiliaries and buildings for 1.2 m.g.d. station 
Note: As outlined below, three different combinations of pumping equip- 
ment are considered for this station. In the summary of costs those items 
have been included which would differ for different combinations of 
equipment. 


PUMP A PUMP B PUMP C 


(A) 2-1.2 m.g.d. horizontal cross compound 


non-condensing, crank and fly wheel....| $7,000 
1-3.0 m.g.d. gasoline engine driven centrif- 
(B) 2-1.2 m.g.d. motor driven centrifugals..... $3 ,000 
1-3.0 m.g.d. gasoline engine driven centrif- ar 


(C) 2-1.2m.g.d. oilengine driventriplexpumps| 
1-3 m.g.d. gasoline engine driven centrif- 


Boilers and accessories: 

Boilers, hand stokers, breeching, boiler feed 

pumps, foundations, settings, instru- 


ments and accessories................... 7,000 
Steam piping and auxiliaries................... 1,000 
Piping for cooling water and oil................ 
Pumping station building: 
(A) 80,220 cubic feet @ $.29................. 23 , 264 ¢-By 
(B) 22,848 cubic feet @ 9,139 
(C) 38,640 cubic feet @ 13,524 


Three plants of different capacity were considered. The largest 
to serve a community of 100,000, the medium to serve a com- 
munity of 50,000, and the small one for a community of 10,000, 
the average daily per capita consumption being assumed as 120 
gallons and the total re head in each | case as 180 feet. In 
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TABLE 5 


Operating expenses and fixed charges for different types of equipment for 12 
m.g.d. pumping station 


PUMP A | PUMP B PUMP C | PUMP D 


Labor: 
Chief engineer @ $3000..................... $3,000} $3,000! $3,000) $3,000 

a Assistant engineers @ $2100................ 6,300} 6,300) 6,300} 10,500 
_ Fuel (based on average pumpage of 12 m.g.d.): 
(A) 3478 tons of coal (145,000,000 foot pounds 
duty and 7 pound evaporation) @ 


(C) 3,686,208 kilowatt hours (67 per cent 
overall efficiency) @ 1.4 cents........ 51,607 


(D) 261,905 gallons fuel oil (0.50 pound 
per b.h.p. hour, 85 per cent pump 


efficiency) @ 5 cents................. 13,095 
_ Cylinder oil, lubricating oil and waste........ 350 600 200} 1,800 
Maintenance and repairs: 
Machinery and equipment: 
(A) $204,600 @ 1.5 per cent.............. 3,069 
(B) 145,500 @ 1.7 per cent.............. 2,473 
(C) 34,000 @ 1.5 percent.............. 510 
(D) 211,000 @ 1.9 per cent.............. 4,009 
Buildings, chimney, foundations, sidetrack, 
crane, coal and fuel storage: ig 
(A) $131,892 @ 0.5 per cent.............. 659 al 4 
(B) 123,433 @ 0.5 per cent.............. 617 
(C) 41,340 @ 0.5 per cent.............. 207 
(D) 108,631 @ 0.5 per cent.............. 543 
$39 , 829 $42 , 636/361 ,824/$32 , 947 


Interest and depreciation 


CIATION 


3 
33 TOTAL 


RATE OF DEPRE- 


PUMP A 
PUMP B 
PUMP C 
PUMP D 


& 
a 


4. @ 


Buildings, etc.: 

5 |5.8 7,159 

(C) 5 |0.8 |5.8 2,398 

5 10.8 |5.8 6,301 


$61 , 596 $61 , 959)$66 , 772|$56 , 128 


1188 tons of coal (112,000,000 foot pounds 
ty 1 7 pound evaporation) 
= 

4 

M 

4 

>) 
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Yearly operating expenses and fixed charges for different types of equipment 
for 6 m.g.d. pumping station 


PUMP A | PUMP B PUMP C 


Labor: 
Chief engineer @ $2700..................... 
Assistant 
Fuel (based on average pumpage of 6 m.g.d.): 
(A) 1831 tons of coal (138,000,000 foot pounds 
duty and 6} pound evaporation) @ 


(B) 2408 tons of coal (105,000,000 foot pounds 
duty and 6} pound evaporation) @ 


(C) 1,900,044 Kilowatt hours (65 per cent 
overall efficiency) @ 1.51 cents....... 
(D) 136,188 gallons fuel oil (0.52 pound per 
b.h.p., 85 per cent pump efficiency) 
Cylinder oil, lubricating oil and waste........ 
Maintenance and repairs: 
Machinery and equipment: 
(A) $146,200 @ 1.5 per cent.............. 
(B) 101,650 at 1.7 per cent.............. 
(C) 21,000 @ 1.6 per cent.............. 
(D) 103,750 @ 2.0 per cent.............. 
Buildings, chimney, foundations, sidetrack, 
crane, coal and fuel storage: 


(A) $114,404 @ 0.5 per cent.............. 
(B) 111,501 @ 0.5 per cent.............. 
(C) 44,100 @ 0.5 per cent.............. 


(D) 75,290 @ 0.5 per cent.............. 


$2,700) $2,700) $2,700 
6,000} 6,000) 6,000 
6,800} 6,800 


8,240 


10,836 


28 , 690 


250 450 200 


2,193 
1,728 
336 


558 
221 


$26, 755,$29 072 $38, 147 $21,210 


Interest and depreciation 


a 
= 
Zz 
gjss} « ° 
= = 
per | per | per 
cent | cent | cent 
Machinery and equipment: 
CB) 5 |3.36/8.36 $8 , 498 
5 |2.8 |7.8 $1,638 
5 |3.2 |8.2 
Buildings, ete.: 
5 |0.8 |5.8 | 6,635 


D PUMP D 

00 
00 8,000 
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TABLE 7 


ae — Yearly operating expenses and fixed charges for different types of equipment 


for 1.2 m.g.d. pumping station 


PUMP A PUMP B PUMP C 
Labor: 
Assistant engineers @ 3,240} 3,240) 1,620 
(based on average pumpage of 1.2 m.g.d.): 
(A) 993 tons of coal (60,000,000 foot pounds duty 
and 54 pound evaporation) @ 4.50........ 4,468 
(B) 392,098 kilowatt hours (63 per cent overall | * 
efficiency) @ 2.1 cents.. 
(C) 29,506 gallons fuel oil (0.55 pound pe per rb. bh. p., 
83 per cent pump efficiency) @ 5 cents... 
Cylinder oil, lubricating oil and waste............ 100 
Maintenance and repairs: 
Machinery and equipment: r 
(A) $20,000 @ 1.5 per cent..................2. 300 
(B) 8,000 @ 1.6 per cent..................5. 128 
(C) 25,700 @ 2.0 per cent.................... 514 
Buildings, chimney, foundations, sidetrack, ; 
crane, coal and fuel storage: 
(A) $30,914 @ 0.5 per cent.................... 155 
(B) 11,689 @ 0.5 per cent.................... 58 
Interest and depreciation 
per per per 
cent | cent | cent 
5 11.9|6.9| 1,380 
5 |2.8| 7.8 $624 
5 | 3.2] 8.2 
ms Buildings, etce.: 
5 |0.8|5.8| 1,793 
5 |0.8| 5.8 678 
.| $17,736) $15, 137 
- 
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all cases the necessary standby units were included to comply with 
the requirements of the Underwriters. 

Although the above tabulations are estimated, they represent 
accepted engineering practice and should therefore be given con- 


siderable weight, as this problem is being diagnosed. re 4 


ACTUAL DIESEL PLANT OPERATING COSTS 


We felt the desire of supplementing the above by records accumu- 
lated through actual plant operation. It is rather difficult to obtain 
for municipal plants, due to the fact that the operating engineers 
neglect to keep records properly. We have endeavored to secure 
as many reliable records as possible and as a result set forth below 
some details on cost of operation of twenty-nine plants serving 
municipalities for pumping and street lighting purposes. 

Table 8 gives a list of these plants and shows the principal equip- 
ment in use. Fourteen are operated for street lights and power 
service and the others are pumping plants. Records secured from 
all of these on the oil used show that the average cost of fuel oil 
in all of the plants under discussion was 5.4 cents per gallon, or 
$2.16 per barrel, and the average cost of lubricating oil was 55.9 
cents per gallon during the year of 1923. Market conditions in 
1924 would indicate that these averages would be somewhat lower, 
but complete figures could not be obtained in the time allotted. 

Another important item in the operation of a plant is the labor 
required. The cost of this depends a great deal not only on the 
geographical location, but on the number of shifts the plant is 
operated per day or year and the number of men on each shift. 
Table 9 is a tabulation covering twenty-seven plants showing operat- 
ing labor cost and the hours per day the plant is operated and the 
number of attendants per year. There are eight single unit plants 
shown in the tabulation, having an average labor cost of $1565 per 
year. The twelve 2-unit plants average $2999, and the six 3-unit, 
$3408. One 4-unit is included and the labor is given as $5760. 
Taking all of the plants and calculating the average yearly labor 
cost per man, we get approximately $1500 per year. Here is con- 
clusive evidence that Diesel engines of this type are simple in con- 
struction, easily kept in repair, and easily operated by mechanics 
available in every locality. 

Our experience has been in the change-overs made, discussed 
in the first part of this paper, that the man who formerly operated 


t 
- 
in 
) 
= 
* 
“= 
| 
= 
a 
7 
| 
4 7 
ie 
4g 
4 q 
- 
ing 
i 
in 


ROBERT V. COOK | q 


TABLE 8 


Location and equipment of twenty-nine oil engine driven plants which were 
analyzed 


1 | New England, North Dakota municipal electric light and power. 
1-50 h.p. D.C. to 40 kv.a. 2300 v. alternator. 1-100 h.p. D.C. to 
75 kv.a. 2300 v. alternator. 

2 | Dakota Utilities Company, Eureka, South Dakota central station. 
1-100 h.p. D.C. to 72 kw. alternator. 1-50 h.p. belt connected to 
30 kw. alternator, 1-25 h.p. belt connected to 20 kw. alternator. 
3 phase, 60 cyc. 2300 v. 

3 | Pender, Nebraska, municipal electric light and power. 1-100 h.p. 
D.C. to 75 kv.a. alternator. 1-150 h.p. D.C. to 125 kv.a. alternator. 
Three phase, 60 cycle, 2300 v. alternators. 

4 | Oakland, Nebraska, municipal pumping. 1-50 h.p. belt connected to 
2-24 X ,;’, in. deep well pumps and 1-24 x 5} in. deep well pump and 
1-8 X 10 in. triplex 274 g.p.m. 

5 | Storm Lake, Iowa, Municipal pumping. 1-37} h.p. geared to 10 X 
12 in. triplex belted to 6 in. Centrifugal. 

6 | Perry, Iowa, Municipal pumping. 2-100 h.p. D.C. to 60 kw. 2 phase, 
60 cycle, 230 v. alternators. 3-25 h.p. motors D.C. to 3-400 g.p.m. 
centrifugal pumps. 

7 | Bancroft, Nebraska, Municipal light and power. 2-50 h.p. belted to 
374 kv.a. 3 phase, 60 cyc. 2300 v. alt. 

8 | Emerson, Nebraska, Municipal light and power. 1-37} h.p. belted to 
25 kw. alternator. 1-50 h.p. belted to 37} kw. alternator. 1-150 
h.p. D.C. to a 125 kv.a. alternator. Alternators 3 phase, 60 cyc., 
2300 v. 

9 | Natchitoches, Louisiana, Municipal pumping. 2-150 h.p. each D.C. 
to 125 kv.a. 3 phase, 60 cycle, 2300 v. alternator and clutch con- 
nected to 750 g.p.m. duplex power pumps. 

10 | Gallipolis, Ohio, Municipal pumping. 1-100 h.p. belt connected to 
all X 14 in. triplex pump at 42 r.p.m. 

11 | Watsonville Ice and Cold Storage Company, Watsonville, California. 
1-50 h.p. belt connected to a 25 ton ammonia camp. 

12 | Jas. Rosenberg, San Ardo, California, Irrigation. 1-100 h.p. 12 in. 
belt connected to a 5400 g.p.m. Cent. pump. 

13 | Quincy, Michigan, Municipal Light, Power and Pumping. 1-100 h.p. 
ei D.C. to 75 kv.a. and 1-200 h.p. D.C. to 170 kv.a. alternators 2 phase, 
. = 60 cyc. 1150 v. 1000 g.p.m. and 350 g.p.m. and 175 g.p.m. Centrif- 
~ 

14 | Santa Cruz, California, Municipal pumping. 1-100 h.p. belted to 
800 g.p.m. Centrifugal and 1-150 h.p. belted to Cent. 
15 | Madill, Oklahoma, Municipal pumping. 1-75 h.p. D.C. to 9 X 12 in. 
single acting triples and 1-75 h.p. D.C. to 9 X 12 in. triplex and 
5 X 5in. single stage air compressor. 
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TABLE 8—Continued 


22 


29 


Fayetteville, Arkansas, Water Improvement District No. 1. 1-150 
h.p. clutch connected to 10 X 16 in. triplex pump. 

Strawn, Texas, Municipal Light and Power. 2-50 h.p. D.C. to 40 
kv.a. alt., 1-150 D.C. to 125 kv.a. alt. 

Roodhouse, Illinois, Roodhouse, Water Corporation. 1-75 h.p. D.C. 
to 11 X 12 in. Triplex pump. 

Tirrill, Texas, Municipal Light and Power. 3-200 h.p. D.C. to 170 
kv.a. 1-300 h.p. D.C. to 250 kv.a. alt. 

Garland, Texas, Municipal Electric Light and Power. 2-100 h.p. D.C. 
to 75 kv.a. and 1-150 h.p. to 125 kv.a. alt. 

Nicholasville, Kentucky, Municipal pumping. 1-100 h.p. D.C. to 
7 X 12 in. 450 g.p.m. duplex pump and belted to 14 X 9 in. com- 
pressor. 

Stonewall, Oklahoma, Municipal electric light. 2-50 h.p. D.C. to 
40 kv.a. 3 phase, 60 cycle, 2300 v. alternators. 

Vinal Haven, Maine, Vinal Haven Electric Light and Power Company. 
1-50 h.p. D.C. to 32 kw. and 1-25 h.p. belted to 16 kw. alt. 

Covington, Tennessee, Municipal Electric Light and Power. 1-100 
h.p. D.C. to 75 kv.a. 1-200 h.p. to 170 kv.a. and 1-300 h.p. to 250 
kv.a. 3 phase, 60 cycle, 2300 vl. alternators. 

Charleston, Mississippi, Municipal water and light plant. 1-100 
h.p. D.C. to 75 kv.a. and 1-200 h.p. to 170 kv.a. 

Crystal Falls, Texas, Walker Caldwell Water Company. 1-50 h.p. 
belted to 625 g.p.m. centrifugal. 1-100 h.p. D.C. to 1000 g.p.m. 
centrifugal. 

Newton, Mississippi, Municipal light and water. 1-50 h.p. D.C. to 
40 kv.a. alt. and fire pump. 1-100 h.p. D.C. to 75 kv.a. alt. and 
fire pump. 1-150 h.p. D.C. to 125 kv.a. alt. 

Woodsfield, Ohio, Municipal light and power. 2-200 h.p. D.C. to 
170 kv.a. 3 phase, 60 cycle, 2300 v. alts. 

H. R. Brown and Son Coa! Company, New Philadelphia, Ohio. 1-100 
h.p. belted to 80 kw. 250 v. D.C. generator. 


Note: D.C. where used after engine means direct connected. 


the steam plant was entirely capable and was put in charge of the 
new Diesel plant. Of course, in those cases where firemen were 
employed, they were not necessary and the engineers report that 
their job is much easier and that they can keep their clothes much 
cleaner and themselves in better spirits after the change. Plant 
operators should not shy from this new type of plant when it is sug- 
gested by their municipal authorities, for there is no reason what- 
ever that their services should be discontinued and an expensive 


high class Diesel engineer imported. Such things are done some- 
times when the 
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are not necessary when modern two cycle engines as herein de- 
scribed are used. 

This tabulation shows that even the 3-unit plants require only 
one man per shift, and a reduction in labor cost even with electrical 
pumping units could hardly be expected, since at least one man 
must be on the job anyway. 


TABLE 9 
Operating labor costs in oil engine plants of table 8 


TOTAL 
HOURS ENGINE |NUMBER| TOTAL 
PLANE SERVICE | HOURS PER | ATTEND-| I.ABOR LOCATION 
NOMBER! oy PER DAY YEAR ANTS cost 
ALL UNITS 


North Dakota 
South Dakota 
Nebraska 
Nebraska 4 


Iowa be 
Iowa 
Nebraska 


7,552 
11,315 


~ 


3,650 
4,750 
8,800 
8,395 
10,030 
8,459 
4,380 
8,010 
8,760 
6, 200 
2,920 
6,570 
14,620 


NO 


~ 


Ss 


Nebraska 
Louisiana 
Ohio 
California 
Michigan 
California 
Oklahoma 
Arkansas 
Texas 
Illinois 
Texas 

Texas 
Kentucky 
Oklahoma 
Maine 
Tennessee 
Mississippi 
Texas 
Mississippi 


$3 
3 
4 
2 
1 
3 
2 
4 
4, 
1 
1 
4 
2 
1 
1 
4 
3 
5 
2 


10,220 
4,350 
5,760 

12,000 

150 5,923 

300 12,720 


* One man on each shift operates ice plant. 


Diesel engine plants involve, of course, a slightly higher first cost 3 
than electrical plants, and for that reason it is claimed from some | 
quarters that fixed charges on a Diesel engine plant are necessarily _ 


r no apparent reason, that depreciation 
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is rapid, that the life of such machinery is short and that the efficiency 
falls off in a year or so. These are fictitious ideas and anyone ac- 
quainted with the construction and design of machinery can see 
by an examination of these engines that they are simple, rugged 
and are built to last and to serve long periods at high economy. 
Such engines are really simpler than the slide valve type of steam 
engine and, if maintained in regard to the wearing elements, will 
last indefinitely. Experience indicates that the parts requiring 
care and maintenance are common to all prime movers. The pis- 
tons, the cranks, the bearings, regardless of what kind of a machine, 
must be kept in condition. These parts on this type of engine are 
no more complex and no more numerous, in general, than similar 
parts on steam engines. The design has been practically stabilized 
and consequently the obsolescence figure, which is considered a 
part of depreciation, is negligible. Arbitrary rates of fixed charges 


TABLE 10 


Sinking fund, expressed as a percentage of first cost 


RATE OF COMPOUND INTEREST 
LIFE 
5 6 7 
years 
20 3.02 2.72 2.44 
25 2.10 1.82 1.58 
30 1.50 1.26 1.06 


set by those who oppose Diesel engine installations, including in- 
terest, depreciation, and insurance, have unfairly been set at 13, 15, 
17 and even 20 per cent. These figures may be satisfactorily used 
by utilities, but they are unfair when used to calculate comparative 
annual costs. Probably the fairest and most widely accepted 
method of calculating depreciation is to write off a percentage based 
on the expected life established by past experience and deposit it in 
a good bank at compounded interest as a sinking fund. When this 
method is used and the advantage of compound interest is taken as it 
should be, sinking fund rates are low and do not build up annual 
cost, as has sometimes been represented. 

Table 10 shows the rates at which depreciation must be checked 
off to be deposited as a sinking fund at different rates of compound 
interest, so that the initial purchased price of the equipment will 
accumulate in twenty, twenty-five or thirty years. As an example, 
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if we expect our equipment to last twenty years and can get 5 per 
pc interest on funds deposited or invested, we can check off 3.02 
_ per cent of the initial investment per year, deposit or invest it at the 
5 per cent interest and at the end of twenty years we will have our 


TABLE 11 q 
an An analysis of repair costs in the oil engine plants of table 8 ae ; 


TOTAL TOTAL REPAIRS 

| | HORSE | genvice | COSTENGINE | 1 cost | UNIT 
1 2 150 1} 
2 3 175 8 $2,506.00 | | $.00024 
3 2 250 1 > ite 
4 1 50 2 0.84 : 
5 1 374 3 Fo As 
6 2 200 1 
7 2 100 6 1,007.68 | 
8 3 237} 5 980.88 | $40.00 
9 2 300 4 150.00 ' 
10 1 100 lj 65.00 50.00 
11 1 50 10 265.00 > 
12 1 100 4 
13 2 300 4 735.00 7 = 0005 
14 2 250 8 368.00 | a 
15 2 150 4 51.51 50.00 te 
16 1 150 1} a, 
17 3 250 10 6,293.00* 0012 
18 1 75 3 249.03 
19 4 900 2 605.15 | 00024 
20 3 350 1 
21 1 100 1 
22 2 100 6 750.00 | 
23 2 75 6 1,554.12 | 
24 3 600 1 tn! 
25 2 300 1 21.65 | 
26 2 150 4 527.67 | 
27 3 300 4 308. 46 
28 2 400 2 414.90 | 523.98 
29 1 100 3 54.04 

* Crankshaft. 


initial purchased price in the bank and will be ready to replace our 
equipment. In figuring total fixed charges, therefore, it is a simple 
matter to add to this rate a reasonable rate of interest on the invest- 
ment tied up in the machinery during this twenty years. If we 

nly 5 per cent on our deposit or investment, then the other 
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person will be accepting the same rate of interest. Therefore, we 
cannot see that it is anything but fair that we charge ourselves 


5 per cent on the money tied up in the plant. Now, this 5 per cent 
plus the 3.02 per cent sinking fund makes 8.02 per cent, covering : 
af TABLE 12 
Reliability and dependability of the oil engine plants in table ee = 
NUMBER OF LONGESE 
YEAR service | NUMBER OF pur To | FAILURES TO 
NUMBER UNITS ENGINES any ENGINE 
1 1} 2 
2 8 3 144 > 
3 1 2 3 hours 1,350 
4 l 1 hour 2 
5 3 1 18 
6 1 2 8S 
7 6 2 1 hour |. 
8 5 3 1} hours 3 60 
9 4 2 144 
10 1} 1 144 
11 10 1 321 hours 2,324 
12 4 1 366 
13 4 2 all 656 
14 8 2 1,440 
15 4 2 aa 18 
16 1} 1 “ 18 
17 10 3 18 
18 3 1 16 
19 2 4 10 minutes 48 
20 1 3 15 minutes 48 
21 1 1 492 
22 6 2 24 
23 6 2 164 
24 1 2 120 
25 1 2 20 minutes 2,160 
26 4 2 528 
27 4 3 3,360 
28 2 2 48 minutes 1,176 
29 3 1 216 
interest on investment and depreciation or sinking fund. To this : 
can be added the insurance, say 1.5 per cent and the upkeep, say 1 . 
per cent. This makes a total of 10.52 per cent fixed charges which 
can be fairly used in figuring annual cost and which includes de- 
preciation, interest 1 insurance and aay: 
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; We mentioned above an upkeep or repair cost of 1 per cent. Table 
~* 11 gives us an analysis of repair costs reported in the plants which 
a were studied. Notice that in many cases there have been no re- 
hy I soni and in the greater majority of cases these repairs have run 
extremely low. Reduced to a cost per unit of production, the repairs 
2s _ run to the fifth decimal point. 
--—,s« Summarizing this study of reported data, we believe that it has 
Ba _ shown the very good overall economy which can be secured by the 
of Diesel engine installations. The next question which is 
-. : logical relates to the reliability. Cheap power is fine, providing the 
Ja ay source is reliable and can be depended upon under all circumstances. 
Y The other great advantage of the Diesel engine installation after 
overall economy has been fully considered is its extreme dependabil- 
ity. Drawing from our reported data again, let us examine table 12. 
Practically no failures to start promptly have been reported. For 
_ this one year’s period in all of the plants considered, the longest shut- 
down due to engine was three hours, outside of unit no. 11, which was 
Tun 2324 hours continuously before the shutdown. We can draw 
from everyday experience the same conclusion that Diesel engines 


a 4 are reliable, if we think just a moment... Consider the United States 
a Shipping Board Program as has been reported in daily papers and 
magazines lately. This body recently recommended that Congress 


appropriate $65,000,000 for the conversion of some of the Emer- 
gency Fleet steamships to Diesel engine motor ships. The Shipping 
Board studied this problem most intensively. The points of greatest 
importance stressed in the Congressional Committee’s hearings to 
substantiate the wisdom of conversion were as follows: 


; 1. Of all the new ships of all nations being built at the present time, 60 
oa to 70 per cent are motor ships, Diesel propelled. 
i 2. Experience with the American motor ship Wm. Penn (12,000 ton) 
i ave showed a consumption of one-third the quantity of fuel oil as the same size 
aa and speed oil fired steam turbine ship. Forty to 50 per cent less operating 
a labor cost, 6 per cent increased cargo carrying space, two weeks per year 
a saved in overhauling and repairs, it was reported that on four trips around 
the world, totalling 110,000 miles, during an elapsed time of twenty-seven 
months, the total repairs on the machinery amounted to less than $200. i 
If the United States Government after considering these factors — 
decide that Diesel engines are dependable enough for their ships, 
then it is reasonable to suppose that they are sufficiently dependable 
for stationary service. It has just been reported that the Panama 
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Canal has been provided with two 3750 h.p. generating sets to 


serve on standby for operating the Panama Canal. This Canal is 
not only a trade innovation, but is a military stronghold and when 
required it must operate. 

These developments, together with everyday experience and data 
gathered, certify the dependability of Diesel engines and establish 
them as equipment which can be used in municipal water works 
without apprehension. 
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-ECONOMICS IN WATER-WORKS ENGINEERING! 


By R. O. WynnE-RoBERTs? 


co Engineering in its basic principle is another term for the econom- 
ies of design and construction. It is easy enough to spend money 
4 on public works without having a proper perspective of the ultimate 
aan § economy, but it is not always so easy to anticipate what is eventually 
* ; the best for the public. Besides, the natural tendency of the aver- 
‘9 age council is to curtail present expenditure, though by judicious 
forethought (keeping a shrewd eye on future economics) it would 
be advantageous sometimes for the community to spend more. 
This is the fundamental basis of town planning, and having regard 
iu ' to the increased cost of construction, the principles and economics 
of town planning with particular references to water-works en- 
a should be studied comprehensively, for much may be 
accomplished thereby. 


MONEY VALUE OF PURITY 


‘ ics of water engineering is the money wale as pure water. It is 
difficult to express this value, as pure soft water has so many uses, 
- domestic and industrial. Many industries cannot be located in a 
= where the water is discolored, turbid, hard, chlorinated, or 
impure, unless it can be cheaply and dllectively rectified and there- 
oo this subject is a potent one. 

The hardness of water in the west is an economic problem. It 
has compelled Greater Winnipeg to embark on the Great Shoal 
Lake scheme incurring large expenditure of money in order to sub- 
stitute soft water for hard. The Saskatchewan municipalities have 
for years had in mind obtaining water from the South Saskatchewan 
River so as to eliminate the hard water obtained from wells, but 
_ how to overcome the economics of the situation is a matter of diffi- 
eulty and importance. 


1 Presented before the Canadian Section meeting, March 4, 1925. 
* Consulting Engineer, Toronto, Canada. 
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HARD WATER PROBLEM 


People dwelling near the magnificent lakes and large rivers in the 
East often do not understand the difficulties encountered in the 
Prairie Provinces in connection with hard water. The total hard- 
ness of certain city waters in the West amounts to about 400 parts 
per million, of which about one-third is permanent, whereas in 
many cities in Ontario the total hardness is only 130 p.p.m., of 
which also one-third is permanent. The cost of softening water in 
the West is almost prohibitive, as the chemical composition is com- 
plex. For example, an analysis of one city water shows that it 
contained: 


This water is cold, clear and good, but the keen desire of the 
people is to have softer water. 


Another economic aspect to be considered is the monetary value 
of the losses to communities occasioned by the diseases induced by 
the consumption of impure water. Of course, chlorination has of 
late years effected a great change in the bacterial purity of water 
supplies. But even if the study be more academic than practical, 
it is worth while devoting some attention to the losses which have 
been avoided by adopting precautionary methods or those which 
yet may be incurred owing to the absence of the same. 


Sir. A. C. Houston states: ees 


Most persons will agree that a pure water supply is not only a great boon, 
but a sound public asset. It seems an unworthy task to attempt to place 


the value of human life on a monetary basis, or to argue that the supreme 
gift of health and attendant happiness can be reduced to a commercial basis. 
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Nevertheless, if it can also be shown that to remedy matters is a good ns 


ment, even from a utilitarian point of view, a good result will have been 


The late Professor Whipple calculated that each typhoid death 
meant the loss of about $10,000 to the community and that all 
typhoid deaths beyond the normal are attributable to impure water. 
He evolved a formula which may be regarded as an index of such 
losses to a community. The daily average consumption is as- 
_ sumed to be 100 gallons per head; the normal typhoid death rate 
i: is say 4 per 100,000. T = typhoid death rate per 100,000. D 
(T—N) X $10,000 = 365 days X 100 g.p.h.d. X 100,000 pop. or 


D = or D = 2.74 (T N) 


= dollars per million gallons of water. Let it be assumed that 
the typhoid death rate is say 20 per 100,000, and the normal to be 


4, then 4 
a _ The accuracy of this formula or calculation is not presumed, but 


sit. serves as an indication of how important a part purity of water 

bears to the economics of water-works engineering. 

. a The financial disaster to a community that follows in the trail 
of an epidemic should be known to every student of municipal 
history. The disturbance of business, the dislocation of municipal 

. ae the extra expenditure involved in combating the disease, 
which amount often would be ample to pay for the improvements 
= to prevent explosive outbreaks of disease, the unsavory 
—_— created, the debts incurred by families which take years 
to repay, the loss of breadwinners, and the cost of the rehabilitation 
of the municipality, are matters of paramount economic importance. 


LOSS OF HEAD 


_ Some town authorities continue extending the original layout of 
__ water mains until the loss of head due to friction eventually renders 
a them almost valueless for fire protection. The effect of such a 
ee _ policy is not always obvious. Owing to the increasing hazards aris- 
ing from progressively diminishing capacity of the water mains in 
7 respect to pressure and volume of water, the properties more directly 
concerned become less desirable for or the 
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insurance rates increase and the assessments remain low. In some = 


instances, for reason of present economy, authorities carry out 
systems of water distribution mains without paying full regard to 
the efficiency of service contingent on the probable growth in popu- 
lation and industries, only to find it necessary to impose a heavier 
burden on future ratepayers in the reconstruction or re-arrange- 
ment which becomes necessary. 

As a rule, it is desirable to divide a water area into districts or 
zones, especially if there is a considerable difference in elevation, 
and to control the supply by circuit mains so that the drop in pres- 
sure at the time of maximum demand is kept at a minimum. Ex- 
pressing the same condition in other words, the velocity in these 
mains in feet per second should not much exceed the square root of 
the diameter in inches plus 0.5. For example, the maximum veloc- 
ity of a 16-inch main would be about 4.5 feet per second. : pe i - 

PUMPING STATION CONTROL 


When the pressure is boosted for fire protection then the circuit 
mains should, if possible, be under control at the pumping station 
by means of pressure regulating valves, which can be instantly — 
thrown into or out of commission by simple methods. If it is not 
possible to have separate circuit mains radiate from the pumping 
station, then electrically operated valves with switches at the station 
are desirable. 

By these means the station attendant can control the pressure 
and supply and conserve them to the best use in case of fire in any 
particular district. 

It is to be observed, however, that in a large number of cities and 
towns, the need for boosting is not very apparent. In answer to a 
questionnaire sent out by Charles R. Henderson in 1922, it was found 
that in only 25 per cent of the cities from which replies were received 
was the water pressure boosted at time of fire. | 


The use of mains of less diameter than 6 inches—excepting for 


purposes of circulation—is a matter for careful thought, especially 4 
if they are intended to supply water for fire extinction. One stand- i. 
ard fire underwriters hose-jet will discharge about 200 gpm. | 


and a 4-inch cast iron pipe delivering this volume will induce about 
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seven times, and a 3-inch main about 29 times as much frictional 
head as a 6-inch main, to which must be added the loss in the hose 


SERIOUS FIRE LOSSES > 


The total losses by fire in Ontario during 1922, 1923 sail 1924, 
average $18,800,000 each year. The average annual losses by 
fire in factories which employed a large number of people amount 
to nearly $5,000,000. The fire losses in the four largest cities in 
Ontario average about $4,000,000 per annum, that is, about $5 per 
head of the population. 

A remarkable record in relation to the economics of water works 
is that supplied by the Senior New England Mutual Fire Insurance 
Company. The rates for insurance, in the decade ending 1860, when 
automatic sprinklers were unknown, averaged 43.75 cents per $100. | 


In the ten years ending 1900, when sprinklers were extensively _ 


used, the rate was 14.36 cents, while in 1921-1924 it had dropped 
to 2.83 cents per $100 insured. Sprinklers attack a fire in its in- 


cipient stage, and the quantity of water used is a few thousand — 4 
gallons, whereas fire extinction by hose and jets involves high pres- __ 


sure and a great volume of water, often at the hour of maximum 
demand for other purposes. 


MUNICIPAL TAXATION 
In discussing the above matter, it may not be out of place here 


to refer to a serious anomaly in our municipal method of taxation. _ 
In our average Canadian city or town about two-thirds of the capac- 
ity of the water mains are required for fire protection, and if laid 
under the local improvement act, the bulk of the cost of the same 
is assessed equally per foot frontage against the lot owners. The 
cost of maintaining a fire brigade is included in our tax bills and in 


many places a large item in this expenditure represents the value of _ : 


water consumed in the extinction of fires. The owner of a building 


of fire-resisting type, although positively reducing the fire risks and 
the need of fire brigade service, is assessed much higher than one 
who owns a cheap wooden building, of greater menace to the com- C 
munity and, therefore, requiring the full protection of the fire bri- 


gade. In other words, the former has to pay much more for fire 
protection than the latter whose need of it is greater. 

Much has been done by the aid of publicity to seek the help of the 
people in the prevention of fires, but if the cost of fire brigades and 
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_ matter of importance. In the case of towns which are in close proxi- 
-mity to each other, it is very advisable to adopt equipment which 


sidered the production and maintenance of such records of prime 
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water mains (apart from a portion as a special local improvement 
assessment) were to constitute a special municipal tax for fire pro- 
tection, similar to school taxes for education, and if the properties 
were assessed for fire purposes on the basis of fire hazards, as is 
done by the insurance companies, the annual losses due to fires would 
probably soon be materially reduced. 

Under the present method of taxation, the owners of buildings 
which are fire hazards owing to the cheaper forms of construction, 
practically enjoy quite a handsome premium, and there is a power- 
ful inducement for such owners to defer indefinitely reconstruction on 
better lines. Furthermore, it is necessary to point out that as the 
fire insurance companies are not philanthropic institutions but 
business enterprises, the losses they incur, as well as the losses to 
the owners and work-people, are indirectly borne by the ratepayers, 
and contribute to the high cost of living. 

Under the ordinary principles of equity, the cost of maintaining 
expensive water pressure boosting equipments and fire extinction 
appliances should be borne by those who need such service, in pro- 
portion to the hazards entailed, and it is also fair that the water 
departments should be refunded from the special fire tax the cost 
of maintaining such boosting plants. Hence this matter has a close 
relation to the subject of this paper and no apology for introducing 
it for discussion is necessary. 

The provision of gate valves on water mains at street lines, so 
as to be easily located at all times is most desirable, and the installa- 
tion of hydrants which are easily repaired or quickly substituted is a 


is interchangeable in order to avoid the necessity of duplicating stores, 
and still more important, in cases of emergencies, to render ent 
mutual assistance without the use of adaptors. 

It is an element of economics, in a growing city or town, to have 
‘a periodical record kept of the capacity of the mains. It is easily 
and cheaply made and affords the engineer an excellent opportunity 
of ascertaining the general conditions of the service. The perma- 
nent installation of waste detecting meters is a matter of great 
value in connection with the economics of water works. The writer, 
in the course of an extended experience as a municipal official, con- 


importar 


ance to keep up the efficiency of of the organization. 
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PUMPING PLANTS 


The writer suggests the wisdom of making a study of the com- 
parative economic advantages of different types of pumps and power. 
This section of the American Water Works Association represents 
the Dominion as a whole, where conditions vary considerably in 
different provinces. 

Centrifugal pumps have become such a standard type of machine 
that we now seldom hear of any other installed, and yet it is a sub- 
ject for debate whether plunger pumps would not be more suitable 
in some places where high pressures are essential. The efficiency 
of good plunger pumps, operating under varying loads, may be 
higher than centrifugal pumps, but the initial cost is more. It 
would be instructive to be informed under what conditions one pump 
is economically superior to the other. 

Air-lift pumps are very simple, and relatively inexpensive equip- 
ment to install, but in many instances they are very inefficient. 
By scientific experimentation some engineers have secured an 
efficiency of about 60 per cent with submergence on dip of 60 per 
cent, while others find that 40 down to less than 10 per cent is ob- 
tained. 

High capacity hydraulic rams which are capable of supplying 
water cheaply and continuously do not appear to be used in Canada, 
although elsewhere they have given satisfaction. 

With regard to power it is necessary to remember that many 
towns still have the steam boilers and pumps which were installed 
many years ago, but now used as stand-by for emergencies, using 
electric power driven pumps to perform the daily task. Some 
places have installed high speed gasoline engines coupled to centrif- 
ugal pumps as reserve. It is generally economical to operate 
electrically driven pumps for daily duty, but it is too expensive to 
employ gasoline engines for similar purposes and, therefore, they 
are not used, except on special occasions. Steam operated pumps 
are also costly to maintain, particularly as a stand-by for fires. 
An oil engine capable of starting from cold and using cheap low- 
grade oil fuel is a machine which warrants careful consideration. 

The cost of coal, only for banking fires to maintain steam supply 
for 100 h.p. in case of emergency, will probably amount to about 
$3.00 per day or $1,095 per year, the pumps being used say 500 
hours per year. A gasoline engine consumes about one-tenth 
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gallon of gasoline per b.h.p.h. which at 28 cents per gallon for 500 
hours would be about $1400. A cold starting cil engine using fuel 
oil at 10 cents per gallon would cost less than $300 for fuel. The 
capital charges would increase each of the above, but the writer does 
not wish to load the paper with figures. 

There are, of course, other internal combustion engines, but 
enough has been stated to indicate that power as an economical 
problem in water-works engineering is one of great pesnieeen 


When we enuaeeih the subject of water fittings, we bump up 
against something, which, although of vital interest to water-works 
undertakings, for some reason has not been considered compre- 
hensively by the Association. Water fittings of all kinds should 
be standardized, tested and stamped approved before they are 
used, and such a requirement would lead to fewer leaks. It would 
be instructive to know what proportion of the fittings which are 
installed proves to be defective and what volume of waste occurs 
due to these. Washers and valves, for example, appear to get out 
of order so frequently, connoting defective design and construction, 
that these merit more attention by all concerned. The economics 
of water waste precautionary measures must be manifest to all, 
and yet, the great consumption of water with its inherent cost to 
the community, before and after use or misuse, does not seem to 


be fully appreciated by the public. 


é 


COVERING WATER TANKS 


The question of covering steel water tanks which ordinarily are 
not objects of beauty nor are ornaments in a locality deserves some 
attention. The economics connected with this matter resolves 
itself into a comparison between periodical painting with that of a 
permanent cover. Some allowance must, however, be made for 
the esthetic value of such permanent cover. The writer recently 
had a case of this kind and recommended a cover of face bricks on 
a tank 100 feet high, 30 feet in diameter, at a cost of about $5870. 
This tower is close to an old church on a prominent site. 

The encasement consists of Cooksville rug brick built upon a 
concrete base. Dark red brick were used for the main body of the 
tank, gunmetal brick were used for the rings and crosses. 
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metallic ties fastened to }-inch round rods encircling the tank at 
approximately three foot intervals. The }-inch rods, threaded at 
either end, were inserted into short lengths of channel iron and drawn 
tight by means of hexagonal bolts. 
The whole was surmounted by a concrete cornice and the dome 
was covered with 3 inches of concrete. 

7 : The cost of the foundation, steel and fittings in the valve chamber 
was about $26,270. The cost of encasing in brick was about $5870. 


; : All the brick work was set in cement mortar and secured by 
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PROGRESS REPORT OF COMMITTEE NO. 18, ON FILTER a 
SAND TESTING AND RECORDING! = 4 


In the last annual report? of Committee No. 18, it was pointed o 
out that, while progress was being made toward improved and more ~ ae ; 
complete methods of filter sand testing and recording, the Committee _ % 
did not at that time feel warranted in recommending any radical _ 3 
changes of method over those currently used during the past thirty 
years. However, the Committee feels that it should study the 
subject of filter sand testing and recording with a view to making : 
recommendations from time to time that might be embodied in re- 
visions of the proposed water works manual. 

During the past year the work of the Committee has been prin- 
cipally devoted to sending out a questionnaire and a sample of sand 
for sieve analysis. It was hoped by this means to obtain (1) some 
reliable information regarding variations in practice, (2) comparisions 
of results obtained by different operators in making sieve analysis of 
the same sand and (3) suggestions for improvements of methods that 
might be recommended to the Standardization Council. 

Fifty questionnaires and samples of sand were sent to various 
people whom the Committee believed were in a position to make 
analyses and give information of value. Out of this number twenty- 
nine replies were received. For convenience a copy of the question- 
naire is attached to this report. .” 


COLLECTION AND PREPARATION OF SAMPLES FOR ANALYSIS 


The first question relates to methods of sampling sands at the 
source and preparing them for analysis. This question on the whole 
was not satisfactorily answered. Two stated that sample was taken 
as received in shipment, two gave no information, and seventeen in- 


1 Report to Council on Standardization. Discussion is invited and should 
be sent to Paul Hansen, Chairman, 6 W. Michigan Ave., Chicago, IIl. 
Committee No. 18 consists of Paul Hansen, Chairman; M. Z. Bair, G. C. 
Catlett, E. S. Chase, H. F. Ferguson, G. C. Habermeyer, H. N. Jenks, P. B. 
Streander and J. E. Williamson. 

* JouRNAL, May, 1924, page 677. 
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REPORT OF COMMITTEE 


dicated that small quantities were taken from various parts of the 


pile of sand to be sampled, were mixed and quartered. Some 
replies referred to the manner of taking samples from filter beds; 
one reply stated that samples were obtained by means of tubes pushed 
down to the bottom of the sand bed; one stated that a hole is dug in 
the sand bed sufficiently large for a man to enter and then the sand 
is carefully removed from the entire vertical section of the bed by 
means of a shovel manipulated in such a way as to scrape off about 
1inch from an exposed surface lying at an angle of 45°. Another 
operator states that sample is obtained from filter bed by using two 
steel angle irons thrust into the bed in such a way as to take out a 
rectangular section of sand. The angle irons are then held firmly 
together and the sand withdrawn. This arrangement works essen- 
tially as does a tube, except that the angle irons may be separated, 
and the section of sand examined, and, if desirable, samples can be 
taken representing different depths. Four replies emphasize the 
importance of taking samples from different depths so that the char- 
acter of the sand at different depths may be determined. Others 
indicated that in their opinion there can be no fixed method of collect- 
ing sand for analyses and that judgment has to be used in any case 
in order to obtain a representative sample. 

Very few commented upon the preparation of sand for analysis. 
Twelve replies indicated the necessity of drying. Seven of these 
merely stated that the sand should be dried, but indicated no method. 
Two indicated air drying as satisfactory. Two indicated that dry- 
ing should be carried out over heat. One specified drying at 180° 
C., and one indicated that the temperature of drying was of no im- 
portance so long as no caking of the sand took place. 

It does not seem to the Committee that any definite procedure 
can be laid down for sampling sand at the source. As indicated by 
one reply this must largely depend upon the judgment of the collector. 
It might be indicated, however, that it is preferable where practica- 
ble to collect the material while moist as there is less tendency to 
separation of particles than when the material is dry. Emphasis 
needs to be placed upon the necessity of getting a fair and repre- 
sentative sample. Samples taken should be quartered down until 
a suitable amount has been obtained for sieve analysis. There are 
on the market certain devices for dividing samples of sand and other 
granular material. These may be useful, but it is not deemed neces- 
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FILTER SAND TESTING AND RECORDING 
sary ordinarily for filter sand work. Moreover, such devices have 
a disadvantage in that the material must be dry. 

For sieve tests, it is, of course, important to have material dry and, 
in this connection, the Committee should prescribe that the sample 
to be sieved be placed in a porcelain dish and be dried in an oven at 
moderate heat, care being taken to avoid caking of the sand. Gen- 


erally the heat should not exceed 100°C. 


MAKE OF SIEVES 


Table 1 shows the makes of sieves used by persons to whom the 
questionnaire was sent. 


which information was furnished. The table is prepared in such a 
way as to show any differences that may exist and also to compare 
the characteristics with the characteristics recommended by the 


TABLE 1 


United States Bureau of Standards and the American Society for 
Testing Materials. 

The standardization of sieves does not seem to be in a sufficiently 
satisfactory state to be recommended for the analysis of filter sands 
without calibration of the sieves as called for in the Hazen method. 
This is largely due to the fact that compromises were made between 
the Bureau of Standards and the American Society for Testing Mate- 
rials, on the one hand, and the manufacturers of sieves, on the other 
hand, with reference to tolerances permitted in the wire diameters 
and in diameters of openings. It is probable that as time goes on these 
tolerances will be narrowed down and thus it may become possible 
to use standard sieves made by different manufacturers without 
calibration and still obtain sufficiently accurate results. Even at 
the present time certain manufacturers of sieves make standard 
sets of sieves with a sufficient degree of uniformity so that calibration f 
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REPORT OF COMMITTEE 


us 


of one set of sieves for sand analysis would apply with sufficient 
accuracy to any other set of sieves produced by the same makers. 
It is not practicable, however, to designate a special make of sieve 
as standard. 

One thing seems to be fairly well agreed upon by all parties, namely, 
that standard testing sieves should have openings varying in the 
ratio of two, the square root of two or the fourth root of two. For 
filter sand analyses, a set of sieves with openings varying in the ratio 
of the square root of two is satisfactory. Sieves varying in ratio of 
two are not satisfactory inasmuch as they do not give a sufficient 
number of points for plotting analysis curves. Sieves varying in the 
ratio of the fourth root of two are rarely necessary inasmuch as a 
sufficient number of points for plotting can be had with a set of 
sieves varying in the ratio of the square root of two. 

Table 3 indicates the sieves that should be used in sets — 
different ratios for the diameters of sieve openings. 

WEAVE OF WIRE 

Of the twenty-nine replies received, table 4 gives data with refer- 
ence to weave of wires. 

Two of the above stated that sieves for the finer sizes (100 meshes 
to the inch and above) were twilled. 

It is probable that twilled wire will have to be used for the finer 
screens, but as soon as manufacturers can meet requirements only 
double crimped wire should be used. 


CALIBRATION OF SIEVES 


Table 5 gives the status with reference to calibration of sieves. 
From these figures it would appear that the tendency is not to cali- 
brate sieves. Furthermore, on reading detailed information regard- 
ing the methods of calibration, it is obvious that the few sets that 
have been calibrated have not generally been calibrated in strict 
accordance with the methods originally described by Hazen. This 
would argue strongly in favor of standard sieves which do not re- 
quire calibration. Because calibration of sieves by measuring the 
sand grains passing each sieve either by the specific gravity method 
or the microscopic method is a somewhat laborious process, calibra- 
tion is generally neglected. Perhaps such neglect is more or less 
inexcusable, but nevertheless, it is a fact and it, therefore, becomes 
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TABLE 3 

This screen scale has as its base an opening of 1.0029-inch which is the open- _ 

ing in 200 mesh 0.0021-inch wire, the standard sieve, as adopted by the Bureau _ 
of Standards of the United States Government. 7 


1 2 | 3 4 
MESH 2 or 1.189 | V2 or 1.414 RATIO OF 2 TO 1 
1.050 1.050 
0.833 
0.624 
0.525 0.525 
0.371 0.371 
2h 0.312 
3 0.263 0.263 
34 0.221 
4 0.185 0.185 
5 0.156 
6 0.131 0.131 
7 0.110 
8 0.093 0.093 
9 0.078 
10 0.065 0.065 
12 0.055 
14 0.046 0.046 
16 0.0390 
20 0.0328 0.0328 
24 0.0276 
28 0 0232 0.0232 
32 0.0195 
35 0.0164 0.0164 
42 0.0138 
48 0.0116 0.0116 
60 0.0097 
65 0.0082 0.0082 
80 0.0069 
100 0.0058 0.0058 
0.0049 
150 0.0041 0.0041 
0.0035 
200 0.0029 0.0029 
TABLE 4 


Double crimped 
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apparent t that, if calibration can be omitted without. ‘sacrificing - 
materially the of it would be desirable to 
do so. 


WEIGHTS OF SAND USED IN SIEVE ANALYSIS 


The results of inquiries regarding the weights of sand used in 


sieving tests are shown in table 6. os ae | 
TABLE 5 
METHOD USED NUMBER USING 


Calibrated by Hasen method................cccccscccccccens 2 
Calibrated by microscopic measurements.................... 3 
Calibrated by specific gravity of sand grains................ 1 
1 
2 
1 


TABLE 6 


QUANTITY OF SAND USED NUMBER PERSONS USING 


It is apparent from the above that the most popular quantity is 
100. A number of tests were made with different quantities of sand 
to determine if there was any material difference in the analysis ob- 
tained by using different quantities. No material difference could 
be detected. The analyses checked within the limits of error. It 
is also notable that the analysis made on the largest sample of 
sand reported checked with the analysis made on the smallest quan- 
tity of sand reported. 
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The practice in the Engineering Department of the State Board 
of Health of Virginia is to make two determinations, one with 50 
and one with 100 grams. 

While the quantity of sand used in making a sieve analysis docs a 
not seem to be important, nevertheless, for the sake of uniformity, 


it would be well to stipulate approximately 100 grains be used. ma 


METHOD OF SHAKING SIEVES 


The replies indicated that seven persons shake sieves by hand — * v 
and twenty-two use machine shakers. Table 7 gives the types of 7 
machine shakers used. 

There seems to be a wide variation in the character of shaking 
given by the different machines, as well as in the number of oscilla- 
tions used. Undoubtedly this produces a variation in the results 
obtained. From the data received, it was not possible to adduce 


Ro-Tap made by W. S. Tyler & 
Riehle Bros. Testing Machine 


obtained by different methods of shaking. ae 

So far as the results go, it would appear that hand shaken samples = 
give as reliable results as machine shaken samples. Thehandshaken _ 
group more nearly about the mean of all 


did the machine However, the number of analyses i is 
not large enough to warrant saying that hand shaking is better than _ ts a 
machine shaking. It does seem permissible to say, however, that = e } 
reliable results can be obtained by hand shaking. 
There are two methods of hand shaking that were recorded, — aes 
namely, (1) a rotary movement of the sieves with occasional tappings. _ 
Five persons used 2) Resting the sieves on the floor 
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any definite relation between the results obtained by shaking with = 
different types of machines, due largely to other variable factors. 
i. However, partial tests in the laboratory indicate that, with the same — 
sand and the same set of sieves, materially different results can be ae i i 
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and moving the top of the nest of sieves back and forth through an 
are of about one foot in length depending on the height of the stack 
of sieves. The motion in the latter case is changed in direction us- 
ually at right angles so that sand will not pass back and forth over 
the sieves in one direction. Two reported using this method. From 
the results reported no indication could be obtained as to the rela- 
tive merits of these two methods. But tests, using the same set of 
sieves and the same sand, showed that the two methods gave essen- 
tially the same results. The method of rocking on the floor or on a 
table seems to be on the whole the easier method. 

In the light of the foregoing, it would seem that, unless it is feasi- 
ble to recommend the use of some particular make of machine or 
draw up specifications for a definite design of machine, hand 
shaking should be permitted as a part of the standard procedure 
specifying the rocking motion and calling for 200 rocks (a complete 
motion back and forth being considered as one rock). 

Machine shakers should not be ruled out, but they should be so 
operated as to give essentially the same e results as are obtained b vy 
the hand rocking method. 


EXPRESSION OF RESULTS 


With two exceptions, all those responding to the questionnaire 
expressed the results in terms of effective size and uniformity co- 
efficient as defined by Hazen. Two exceptions made the point that 
uniformity coefficient and effective size gave very little information 
regarding the condition of sand in mechanical sand filters and laid 
particular emphasis on the fact that the condition of sand in mechani- 
cal filters was quite different from that found in slow sand filters or 
in sewage filters. They preferred an expression of results that showed 
the size of sand occurring in layers and expressed the results diagram- 
matically as shown in figure 1. This was submitted by the St. Louis 
Water Department. While it is undoubtedly true that some such 
expression of results as shown in figure 1 gives a much better picture 
of the condition of sand in the mechanical filters, nevertheless the 
use of the terms effective size and uniformity coefficient would seem 
to represent a more convenient expression for describing the kind of 
sand wanted in specifications. It would manifestly be impossible 
to buy sand on the basis of a chart showing the disposition of sand 
in a mechanical filter, though it would be entirely possible to build 
up a curve from such a diagram which would show the gradation of 
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sand, the uniformity coefficient, the effective size and other elements 
that are needed for a complete description of the kind of sand desired. 
All things considered, it does not seem desirable at the present time 
to abandon the use of uniformity coefficient and effective size, al- _ 
though it should be pointed out that these terms should not be under- a 
stood to describe completely the character of the sand. Actual | 
experience has shown, however, that sands bought on the basis of 

effective size and uniformity coefficient come very close to measuring 

the kind of sand wanted, especially where it is further specified that = =— 
no particles shall be coarser than a certain size and that only a cer- 
tain percentage shall be finer than a certain size. 


Mechanical Analysis of Sand 
2 Submitted by Poul Hansen, June 24,1924 
Size of Weight [Weight in Grams| Reduced to 
‘ Separation of | Passing Retained on Sieve [Depth in Inches 
Sieve Sieve | Which Passes | for Bed 24 
No. | mm. Grams] Next Size | Inches Thick 
10 2.15 | 2798.2 0.3 0.024 
16 1.25 | 297. 
20 1.06 | 297 2 0.024 
2 67 0.539 
0.82 | 290.9 
30 | 062 | 192.7 
¢ 125.2 10.077 
j 40 0.49 67.5 
2 54.4 4.378 
50 0.38 13.1 
5 60 6.5 0.522 
0.32 6.6 
80 6.0 0.485 
- 0.2 0.016 
100 | 0.14 0.4 - : 
16 0 00 0.4 0.032 
18 
22 
ome 
04 06 08 10 12 14 16 18 
Size of Grains in mm. 


Fia. 1 


Mr. Baylis of Baltimore has suggested the term “‘fine ratio”’ which | 
may be defined as the ratio between that size of which one per cent | 
is finer than and that size of which ten per cent is finer than, as a ae 
more adequately descriptive of the kind of sand required for ame- _ ie os 
chanical filter. While this term has elements of merit, it does not 
appear to the Committee that the time has yet arrived for making r p. 
a definite decision in favor of it. Bein 


It ” customary in showing the results of sieve analysis of filter 

sand to plot we results on various 8 kinds of hee, paper. Tabie 8 ier He 
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indicates the different kinds of plotting paper used by those respond- 
ing to the questionnaire. 

Theoretically, it does not make any difference what kind of plotting 
paper is used. Practically, our investigations show that the kind of 
plotting paper does make a material difference in the results obtained. 
This difference is due to a lack of a sufficient number of points on the 
curve to give strictly similar results. To get a close check on the 
reading for effective size and uniformity coefficient on curves plotted 
_ on straight scales and logarithmic scales, it has been found necessary 

_ to use sieves that do not vary in greater ratio than the square root 
of two, namely, 1.414, especially for sieve numbers between 20 and 
50. Practically perfect agreement can be obtained when sieves 
are used with openings which vary in the ratio of the fourth root of 
_ two. In order to obtain uniform results, it would seem desirable 
_ to recommend a uniform type of plotting paper for plotting the re- 
- = sults of sand analyses. The paper best adapted to the purpose and 
which can be purchased ready made is the so-called ‘probability 

paper.” 
= ‘The one ease in which plotting is used to show stratification in 

a. 4 filters came from St. Louis, though the same method i is ian Sised at 


2 Table 9 indicates the procedures used in applying the acid test to 
the filter sand. 
ss Only three made any statement regarding the permissible loss of 
“aa weight after acid treatment, and these three indicated that a 5 per 
cent loss was the maximum allowable. There seems to be a very 
wide variation in practice with reference to the acid test. Probably 
the exact procedure used in this test is relatively unimportant. The 
main thing to determine is whether there is present any considera- 
_ ble amount of acid soluble material. For the sake of uniformity, 
however, it would be well to standardize the procedure and call for 
the determination of the loss of weight after contact for 5 hours with 
10 per cent hydrochloric acid in the cold. The allowable percentage 
loss should not exceed 2 per cent. 
There has been a strong tendency among engineers to confuse 


% 4 wee importance of the freedom of sand from acid soluble material 


| 
a oa in filter gravel, especially for the larger sizes. In the central west, , 
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it is extremely difficult to obtain underdrain gravel for filters free 
from calcareous material. On account of the relatively small sur- 


TABLE 8 


TYPE USED 


NUMBER USING 


Straight scale plotting paper for both percentages by weights 
passing sieves and the mean diameter of particles passing 


Straight scale for percentages passing sieves and logarithmic 

Legarithmic scale for percentages passing sieves and loga- path 

rithmic scale for sizes of 6 rf - 
Special plotting paper in which logarithmic scale is used for ot i 

size of particles passing sieves, and part logarithmic and rey, 

part straight scales are used for percentages passing........ F = 
Expressed to show stratification in filters..................... oS 

TABLE 9 


METHOD USED 


NUMBER USING 


Determination of loss of weight after contact with 1 to 3 
hydrochloric acid for one hour.....................000eee: 
Loss of weight after contract with 37 per cent cold acid for 
Loss of weight after contact with 10 per cent hydrochloric 
Loss of weight after contract with 50 per cent hydrochloric 
Loss of weight after twenty-four hours contact with warm 
Loss of weight after contact with cold dilute acid, kind and 
dilution not stated, for twelve hours....................... 
Loss of weight after contact with 20 cc. of hydrochloric acid 
and 80 cc. water, time not stated.....................005- 
Loss of weight in concentrated cold acid, kind of cold not 
Number not answering 


material will neither add to the hardness of the water in a perceptible 
degree, nor will the gravel dissolve in any perceptible degree. 
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is merely important that the material, whether calcareous or 
silicious shall be hard, unlaminated, rounded, dense and of high 
specific gravity. Generally speaking, a silicious gravel is more 
likely to meet these requirements, but in many instances it would 
be a waste of money to insist upon gravel with none or very little 


acid soluble material. 
As a measure of organic matter contained in sand, the loss upon ; 
ignition is sometimes determined. Apparently, however, this test 
is not widely used, as indicated in table 10. 
It may be noted that the Engineering Department of the Michi- , 
gan State Department of Health applies the ignition test only to that 
portion passing a 200-mesh sieve. ; 
TABLE 10 
METHOD OF MAKING DETRMINATIONS NUMBER USING 
Heating 30 grams to red 
Heating 25 grame to red 
Meonting 10 grams to red heat......... 
Heating 300 gramme to ned beat. 
Number not using any method....................cccccccees 14 | 


The ignition test does not seem to be of any material importance 
in connection with sand useful in mechanical filters. However, 
for filters where relatively inferior sand is permissible, as in sewage 
filters, it is often desirable to determine the amount of organic matter. 

The ignition test affords a somewhat rough, but relatively easily 
applicable, method of determining the amount of organic matter. 
Ordinarily such organic matter should not exceed 1 per cent. 


DETERMINATION OF ORGANIC MATTER BY CHEMICAL METHODS 


Very few use this determination. One determines the amount of 
_ albuminoid ammonia in a given weight of sample expressing the re- 
sults i in by 100, ‘Several, while not using the 
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method as a routine procedure, suggest the determination of Kjeldahl 
nitrogen. 


MICROSCOPIC ANALYSIS 


In answering this question many misunderstood the intent thereof 
and stated that microscopic examination was made for the purpose of 
determining size of grains. A few indicated that microscopic ex- 
amination was desirable for the purpose of determining the general 
structure of the sand grains, principally with reference to shape, 
sharpness and density. The most important application of the mi- 
croscope in examining sand is suggested by Mr. Baylis of the Monte- 
bello Filters at Baltimore. He uses the microscope for the purpose 
of examining the condition of organic matter surrounding the par- 
ticles of sand. By such an examination he is able to determine the 
condition of the sand bed and is also able to anticipate the develop- 
ment of clogging, short filter runs and cracking of sand beds. In- 
asmuch as he described his methods very clearly and fully, they are 
herewith given verbatim. 


Microscopical examination of filter sand 


Microscopical examinations of sand may be made, (1) to determine the size, 
and (2) to examine the coating around the grains. There is no advantage over 
sieves in determining the size of clean sand with the microscope, but when a 
thick gelatinous coating is present, as is the case with the sand in many filter 
beds, some such method may be necessary to obtain the true size. Gelatinous 
coatings usually shrink considerably on drying, and much of the dry coating 
is knocked loose by sieving. Filters in use may have a diameter of sand grains 
considerably more than that determined by sieves when such coatings are 
present, and the only means of determining the true diameter may be with the 
microscope. 


Examination to determine the characteristics of the coating of the sand grains 


Submerge 25 to 100 grains of sand ina counting cell and examine under the 
microscope with a magnification of from 60 to 100 diameters. This will give 
some idea of the characteristics of the grains. Remove one or two grains to a 
glass slide, and cover with water and a thin cover glass. If one of the grains is 
typical of the sample, proceed with the examination. If not, keep repeating 
the procedure until a typical grain is found. Note all characteristics of the 
grain, coating, and growths on it. If it is desired to make a camera lucida 
drawing, carefully trace the outline of the grain with coating and any biological 
growths that are attached. When the outline of the grain cannot be detected 
for the coating, dissolve with strong acid. Most coatings can be dissolved 
sufficiently for the outline of the grain to be detected. 
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Results of sieve analyses on same sand made by various persons 


TABLE 11 


Minneapolis.............. 0.290 1.64 H. and M. Machinery 
Black and Veatch........} 0.21 1.855 | Tyler Machinery 
Metcalf and Eddy........ 0.363 1.63 Tyler Machinery 
Board of Health, Va.....| 0.380 1.52 Tyler Hand 
Gulick-Henderson........ 0.382 1.32 Tyler Hand 
Cornell University.......| 0.400 1.48 Tyler Machinery 
and Hand 
City of Cincinnati....... 0.415 1.34 H. and M, Machinery 
Board of Health, N. C...| 0.415 1.38 Tyler Machinery 
0.420 1.25 Tyler Machinery 
Hazen and Whipple......| 0.420 1.3 Unknown Not stated 
Passaic Conservation 
1.38 Unknown Machinery 
City of St. Louis......... 0.420 1.42 Multi Metal | Hand 
Fuller and McClintock...| 0.420 1.43 H. and M. Machinery 
Department of Health, 
0.420 1.38 Howard and | Machinery 
M. 
James M. Caird..........| 0.430 1.51 H. and M. Hand 
State of Pennsylvania...} 0.430 1.40 Tyler Machinery 
Pearse, Greeley and 
0.430 1.31 Tyler Hand 
— 0.430 1.28 H. and M. Hand 
City of Detroit.......... 0.430 | 1.42 | Tyler J 
State Board of Health, 
0.434 1.38 Tyler Handy 
Montebello Filters....... 0.450 1.36 H. and M. Machinery 
Harvard University...... 0.450 1.31 Tyler Machinery 
Weston and Sampson....| 0.450 1.32 Local tins Machinery 
State Water Survey, 
0.450 1.3 Tyler Machinery 
a 0.455 1.24 Tyler Machinery 
Springfield, Mass.........| 0.465 1.37 H. and M. Machinery 
Board of Health, IIl...... 0.480 1.27 Not stated Machinery 
State Board of Health, 
0.520 1.6 Eimer and Machinery 
Amend 
of Technology.......... 0.640 1.34 ; 
29 analyses with 
Minimum, mm....... 0.21 1.24 
Maximum, mm....... 
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SUMMARY OF ANALYSIS BY DIFFERENT PERSONS 


A summary of the effective sizes and uniformity coefficients ob- > : 
tained by various persons making examinations of the same sand, : 
is contained in table 11. It will be noted that variations from the 
mean are quite marked. 


| 
a QUICK METHODS OF SAND ANALYSIS 


It has been found that for ordinary mechanical filter sand a quick © 
analysis can be made by using but four sieves, namely, numbers 20, 
28, 35 and 48. It is merely important that the amount of material 
passing the 48-mesh sieve be less than 2 per cent and that the material 
retained on a 20-mesh sieve be not more than 2 per cent. The four 
sieves are sufficient to give enough points on the curve to show the _ 
uniformity coefficient and effective size with a fair degree of accuracy. — 


QuESTIONS TO BE ANSWERED IN CONNECTION WITH ANALYSIS OF FILTER SAND | 
FOR USE OF STANDARDIZATION COMMITTEE No. 18 oF THE AMERICAN 
WatTeR WorKS ASSOCI4 TION 


“1. What is you method of sampling sands at source and preparing samples 


(b) Sieve opening in inches or millimeters...................0eeeeeeeees 


4. State if wire of which sieves are made is single crimped, double crimped or 
twilled. Also note numbers of sieves to which this applies.............. r 

5. Have sieves been calibrated by measuring the size of sand grains sepa- — 
rated by them in a manner like or similar to that described by Ailen © 
Hazen in the 1892 Report of the State Board of Health of Massachusetts 
and in his subsequently published book on Filtration of Public Water — 
Supplies? Describe exactly any deviations from the procedure recom- _ 

6. Have sieves been tested by the U. S. Bureau of Standards? If so, give 
substance of results as stated on certificates furnished by the Bureau?... 


“a 
2. What make of sieves do you use?...............0seceeeeeeeeeeeeeeeeeees 
8, State for each sieve (a) sieve number (or nominal number of meshes pers” 
a 
= 
: 


_ 8. Are sieves shaken by hand? If so, state number of shakes and describe 


_ 9. Are sieves shaken by machine? If so state make of machine and describe 
its motions. Also state length of time machine is operated and how many 
shakes, oscillations, or taps are produced in the time of shaking used.... . 

“10 How are results of sievings and weighings expressed? Particularly note 

if you make use of the terms ‘‘Uniformity coefficient’”’ and ‘‘effective 

~ Furnish sample of chart used in making diagrams of analyses. Also please 
record the results of analysis of sample furnished you, on chart. 

12. Describe procedure used in making acid test of sand. Note particularly 

the kind of acid, strength of acid, whether used hot or cold, length of 


organic matter contained in sand, including quantity of sand used, 
. Describe procedure in determining organic matter in sample of sand by 
15. Describe procedure used in making microscopic examinations of sand 
grains and note purpose for which these microscopic examinations are 
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By W. Twalits? 


Since copper service represents the latest development in modern 
water works practice as applied to service connections, no attempt 
has been made to describe the different materials used, the periods 
when they obtained, or the conditions or reasons for the successive 
changes, because we realize this subject is described in much greater 
detail than a single paper could possibly do in the records of the 
Association. Further, we are more interested in a solution of present, 
or anticipated, problems than in a review of ancient history to the 
members of this Association whose practical experience has brought 
- them in close or actual contact with discarded materials. 
If the man on the street, the average taxpaying citizen of the City 
_ of Montreal, were asked to state the total investment in the water 
~ distribution system of the City, his answer would probably reflect 
his estimate of the exposed portion of the system as represented by 
pump house and equipment; fire plugs or hydrants; street or service 
boxes, fire alarm boxes, etc., representing only a fractional part of the 
total cost. While water costs nothing to produce, its distribution = — 
Tequires a heavy capital investment in trenching; force and distrib- : 
uting mains; service connections; valves, meters, etc., a large pro- _ 
portion of which is buried from 3 to 9 feet underground. 
Service connections are made only at a heavy initial expenditure 
of labour. When the installation is complete, it is impossible to 
determine the condition of the material used, except through the — . 


evidence of a broken pavement or sunken trench, which means extra 
labour and material cost to repair the failure. The labour cost isno _ 
higher to install high grade fully warranted fittings than a 
which is cheap only in first cost. . 
All the desirable qualities for ideal water service pipe are com- 
bined in copper service pipe: Si aa 
1. It resists corrosion to a greater degree than any other known. i ae 


1 Presented before the Canadian Section meeting, March 4, 1925. 
3 — Limited, Sarnia, Canada. 


COPPER SERVICE PIPE! 
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class of material, which not only prolongs its life, but preserves its 
original delivering capacity. 

2. It has great tensile and elastic strength which limits, if it does 
os = i not entirely eliminate, costly repairs through settling of trenches, 
aa frost action or high pressure. 

3. It is recognized as one of the best conductors of electricity, 
which reduces toa mi um the effect of electrolysis. 
4, It requires only a hack saw for cutting the pipe; a light calking 
hammer and a flaring tool to prepare it for connection to the cor- 
poration or curb stop. 
re “A 5. It has sufficient body to be forced for short distances through 
virgin soil of average density without damage to the pipe. 
- — ‘ittings, compression type, with high copper content, are offered 
to provide a leak proof joint between two lengths of service pipe 


or curb stops. 

We do not claim that copper service pipe is a ‘‘cure-all” for the 
evils heretofore encountered in service pipes. It has not been in use 
_ long enough to really determine the result of galvanic action, cor- 
= _ rosion or electrolysis under +hc many and varied conditions of soil 


water 

z ‘2 Scientific research and experiments, however, conducted by uni- 

= ——_versities i in Canada and in the United States, in codperation with 
- our own engineers and chemical laboratory, prove that copper service 

_ pipe with copper connections is superior to all other kinds of water 

conductors. 


edt 


or to connect the service pipe to standard patterns of corporation 
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SOME NOTES ON CORROSION' 


and importance that, within the scope of these notes, it is possible to 
touch upon only a few points which have a direct bearing on water 
works practice. 

It has been estimated by F. N. Speller, after a careful investiga- 
tion, that from one to two million tons of steel are lost annually | 
in this country through corrosion, while Sir Robert Hadfield esti- 
mates the total loss throughout the world at 29,000,000 tons.? Such 
figures are, of course, only approximate, but they serve to emphasize — 
the problem of corrosion. 


corrosion. One theory is based upon three fundamentals of extreme 
practical importance: 

1. That iron will not corrode or rust in dry air. 

2. That iron will not rust in moist air, provided the temperature © 
does not fall below the dew point. 


excluded. 


more or less mineral matter, which gives them the properties of mild 
electrolytes. Furthermore, according to the modern and generally 


ions of hydrogen (H) and hydroxyl (OH). Without going further 


is an electrolytic action which results in some of the iron passing into 


dissolved by this action with the formation of oxide of iron or rust. 
It is apparent that, if corrosion is due to the presence of hydrogen ~ 


? Chemist, Filtration Plant, McKeesport, Pa. 
>C. R. Texter, ‘“The Prevention of Corrosion in Hot Water Supply Systems 
and Boiler Economizer Tubes,’’ Journal, September, 1923, vol. 10, no. 5. 


q ‘ 1 Presented before the Central States Section meeting, December 6, 1924. __ 


The subject of the corrosion of iron and steel is of such magnitude 


Several theories have been advanced to explain the phenomenon of & 


3. That iron will not rust in pure liquid water, if air is completely ie 


Pure water does not exist in nature and all natural waters contain — 


accepted theory, water exists in a partly dissociated state, containing __ 
into the theory, it is maintained that under these conditions there __ 


solution, although the initial corrosion has been explained in other 
ways. The dissolved oxygen or air in the water oxidizes the iron _ 
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ions or the ‘‘concentration of hydrogen ions,’ as it is termed, the 
presence of anything which increases this concentration will increase 
the corrosive action of the water. This is exactly what does occur. 
Acids are known to exist in a highly dissociated state and we know 
that the addition of acids to water does increase its corrosibility. 
Even mild acids such as carbonic acid have this property, and for 
many years the presence of free carbon dioxide was considered the 
prime factor in the rusting of iron. It has been demonstrated, 
however, that iron will rust in the complete absence of carbonic acid, 
although the presence of this acid increases the corrosive action of 
water, probably by increasing the concentration of the H ions. 

It also follows that, if corrosion is due to the H ions, anything added 
to the water which brings about a lessening of this concentration, 
or an increase in the hydroxy] ions, will reduce or prevent corrosion. 
This is accomplished by the addition of an alkali, such as lime or 
- soda ash. The practice of adding lime and soda ash to waters to 
neutralize acidity has been in use for a long time, but it is only re- 
cently that much attention has been given in this country to this 
means of lessening the corrosive action of what we generally regard 
as an alkaline natural water. In England it has long been the prac- 
tice to add lime to a soft water or to pass the water through beds of 
crushed limestone, to lessen the corrosive action. 

One writer, Dr. J. Newton Friend, divides corrosion into two 
general classes, which he designates as “surrosion”’ and “erosion.’’ 
The first term applies to corrosion in what we generally consider a 
neutral or alkaline water, resulting in the formation of the insoluble 
oxide of iron or rust. The term “erosion” is applied to corrosion in 
which there is a dissolving action and the products are soluble salts, 
_ such as takes place when iron is dissolved in an acid. Regardless of 
the suitability of the terms used, this appears to be a reasonable 
classification. To go further and apply this classification to waters, 
4, we have as surrosive waters those natural waters which are alkaline 
and which cause rusting of piping without appearing to dissolve 

the iron, and erosive waters as those which are polluted with mine 
-° and manufacturing wastes to the extent that they dissolve iron with 
the formation of soluble salts. 
es _ The corrosive effects of the acid, or erosive, waters are well known. 
: wi Most of the streams in the mining districts contain free sulphuric acid 


4 J. Newton Friend, Iron and Steel Institute, Carnegie Scholarship Memoirs, 
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and acid salts which attack iron very readily. Wherever these waters 
are used for domestic or manufacturing purposes the necessity of 
treating them with lime or soda ash is recognized. Some years ago, 
however, these waters were in use untreated for public water supplies 
and in manufacturing plants, with disastrous results. For a number 
of years the City of McKeesport was supplied with acid water from 
the Youghiogheny River without treatment. Pumps, distribution 
system and plumbing fixtures were attacked to such an extent that 
at one time it became almost impossible to supply water, so enormous 
was the leakage due to the corrosive action of this fluid. Service 
lines were eaten away, brass valves and spigots lasted but a short 
time and porcelain fixtures were ruined. Other towns have used 
waters containing free sulphuric acid, but the case of McKeesport 
is undoubtedly the most serious on record. 

These acid waters are still used at some manufacturing plants for 
certain purposes. A large manufacturing concern takes a supply 
from Turtle Creek, an extremely bad water—much worse than the 
Youghiogheny River—for condensing purposes. It is taken from 
the stream by pumps lined with wood and lead and used in condens- 
ers lined with concrete. Even with these measures it is only with the 
greatest difficulty that the water can be used at all. 

Raw Youghiogheny River water is still used at a large plant near 
McKeesport for various mill purposes. Much trouble is experienced 
with pumps and piping, it being necessary to replace some of the 
smaller lines as often as every ten days during periods of high acidity. 

Practically every stream in southwestern Pennsylvania is al- 
ready polluted with acid drainage from coal mines or the water shed 
is underlaid with coal, which when mined out will result in ruining 
the stream. 

Cast iron is affected by these acid waters, or dilute acids, with the 
formation of a coating of graphite where the water comes in contact 
with the iron, or rather the iron is leached out, leaving a graphite 
_ substance which is brittle and easily cut with a knife. This graphi- 
tization has been observed in connection with a centrifugal pump 
_ used for pumping raw Youghiogheny River water for about four 
_ years. A leak appeared in the pump case and it was found that the 
ease had been almost entirely graphitized and holes could be easily 
_ punched through at almost any point. 

4 In the consideration of the prevention of corrosion in water works 
practice two general propositions are presented: To render the 
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water itself less corrosive or to improve the pipe, either by improving 
the metal or by protective coatings. Some advancement has been 
made along both of these lines. Regardless of how corrosion is 
theoretically explained, it has been demonstrated that water which 
has been freed of dissolved oxygen is practically non-corrosive. Use 
of this fact has been made in the invention and installation of so- 
called degasifiers or de-oxygenators, which have been successful 
within the limits of their application. While in the light of our 
present knowledge it appears impossible to remove the dissolved 
oxygen from an entire water supply, degasification has been success- 
fully applied to large hot water heating and supply systems. 

The corrosive action of water increases with the temperature and 
the protection of piping exposed to hot water is of the first impor- 
tance. While corrosion of pipes carrying cold water takes place to 
some extent with nearly all water supplies, almost all the trouble is 
with hot water piping and boilers. 

Detailed descriptions of the different types of degasifiers have 
appeared heretofore and they will be only briefly mentioned in 
passing. One type of de-oxygenator consists of a tank filled with 
iron turnings and scrap through which the water passes before going 
into the hot water distribution system. Oxidation or rusting of this 
scrap takes place and uses all the dissolved oxygen in the water, 
thus rendering it inactive. 

Another method is to heat the water just below the boiling point, 
at which temperature the solubility of the gases is practicaly zero. 
The water is then agitated in some manner at atmospheric pressure 
to hasten the escape of the gases and then admitted to the distri- 
bution system. In still another type the water is heated to a some- 
what lower temperature and then passed into a partial vacuum, 
which removes practically all the gases. 

Progress has also been made in the manufacture of pipe and pro- 
tective coatings. In addition to improvement in the manufacture of 
steel pipe, a copper bearing steel is now being used which, it is claimed, 
is quite resistant to ordinary corrosion. 

What is known as a “self-healing” protective coating has been 


originated in the Research Department of the National Tube Com-' 


pany. This consists of treating the water with a form of silicate of 
soda which forms an impervious film on the inside of the pipe by 
combining with colloidal iron or the soluble salts in the water. This 
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film ere the water from coming in contact with th the tt iron and 
thus prevents corrosion of the pipe. 

In conclusion, it can be stated that some progress has been made 
in the prevention of corrosion of pumps and piping. I believe that —__ 
it has been satisfactorily demonstrated that reduction in the con- 
centration of the H ions in natural waters by the use of lime materi- _ 
ally reduces corrosion. By bringing about a considerable excess of __ 
hydroxyl ions the corrosive effects are still further lessened. Where 
the water is coagulated with alum in connection with this treatment _ 
it is necessary to adjust the reaction very carefully and to avoid © Pay 
excess of hydroxyl ions for the reason that the floc is broken up andy 
partly dissolved under these conditions. 

It is scarcely necessary to state that all waters containing free 
acid should be treated with lime or soda ash. Furthermore, all 


pollution of the stream with acid wastes, even though the water BS i 
still appears to be alkaline. ; 
There is promise of improvement in the manufacture of pipe or the ‘- 
development of corrosion resisting alloys. The pipe manufacturers pe a 
are vitally interested and we may expect much help from them in _ 


future studies of the problem. bh, 
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THE CINCINN W SUPPLY AND THE NEW y' 
U. P. H. 8S. STANDARD W 
4 At the Detroit meeting of this Association in May, 1923, a pro- 
q posed revision of the present Treasury Department standard for . 
co drinking water was discussed. If this proposed standard is officially 
_ adopted the permissible number of positives in a series of 10 ce. t 
_ tests will be reduced to a maximum of 10 per cent, and not more 
; 
poo 5 per cent of the standard samples may contain as many as " 
_ three or more positives out of the five 10 cc. tests upon any single 
sample. 
Comment upon this proposed standard has been, for the most part, 
2 unfavorable? The system of testing five 10 cc. portions from each _ 
a sample was not generally in vogue, and this often made it impossible _ ; 


to state off hand, whether the plant output would, or would not, 
come within the requirements of the new standard. This paper deals — 
with a study of our records with the object of ascertaining whether _ 
_ the Cincinnati water supply has conformed to the proposed speci- , 
fications, and also takes up the results of our recent efforts to im- _ 
prove upon previous attainments. Any standard is of course largely _ 
arbitrary, and whether it is advisable to adopt specifications which © 
are more rigid than those of our present standard will not be discussed 
at this time. Whether or not a water supply will pass any numerical © 
standard, however, is a matter of some concern to the plant operator, 
even though the water is beyond reproach as shown by mortality 
statistics covering water-borne intestinal ailments. 

For three years prior to 1921, one pound of chlorine per million 
gallons (0.12 p.p.m.) was used throughout the year at the Cincinnati 
filtration plant. The gas is applied at the entrance of the 19 million 
gallons clear water reservoir and the samples of chlorinated water 
are taken at the outlet of this reservoir, or about five to ten hours 
after applying the disinfectant. For the three years the indices did 


1 Chief Bacteriologist, Cincinnati Filtration Plant, Cincinnati, Ohio. Pe 
2 JOURNAL, vol. 10, no. 5, pages 884-921, Beptember, 1923. hu 
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. either no chlorine, or doubtful traces at the most. Since September 
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not exceed 2.0, the figure which is permitted by the existingstandard. = = — 
Although only one 10 ce. portion was tested each day, the percentage ==> mer 
of positive results for each of these three years was well under 10. 
Moreover, the few positives were so well scattered throughout the 
year that it seems improbable that as high as 5 per cent of the samples 
would have shown three or more positives, if five portions of 10 ce. 
each had been tested. It is reasonably certain, therefore, that the i 
plant output conformed to the proposed new standard as far backas = 
1918. The water at the city taps, however, undoubtedly did not => 
meet the newer requirements and probably exceeded 2 B. coli rer _ 

100 cc., to a slight extent, for the greater part of the year. 

Since January 1, 1921, considerable care has been taken to obtain 
the maximum filter efficiency and at the same time the dosage of _ 
chlorine was increased to 1.25 pounds per million gallons (0.15 p.p.m.). 
This quantity was used without variation up to September 1, 1923. 
As a result, the annual colon indices for the three years were reduced, 
ranging from 0.40 to 0.70 per 100 ce. Tap samples were not examined 
and it is impossible to state whether they would have complied with 
the proposed standard, although they undoubtedly did come within 
the requirements of the existing standard. 

With the above chlorine treatment, residual disinfectant at the 
outlet of the filtered water reservoir rarely exceeded 0.02 p.p.m., 
except in subfreezing weather. During the summer 0.01 p.p.m. 
was present occasionally, but the great majority of samples showed 


1, 1923, the quantity of chlorine applied has been changed from time 
to time, depending upon the chlorine-consuming properties of the 
water, with the object of maintaining enough residual chlorine at 
the plant to give the most favorable results, without carrying appre- 
ciable quantities to the ultimate tap. The bacterial technique was 
changed so as to be in strict accordance with that required in the 
proposed standard, and the routine examination of tap samples 
from five or 6 different sections of the city was started. 

The results for the sixteen months since making the above changes 
are shown in table 1. The average quantity of chlorine applied each 
month, in parts per million, corresponds as closely as might be ex- 
pected with the dosage intended, expressed in pounds per million 
gallons. The B. coli data on the tap samples are presumptive figures; 
gas formation in any amount being recorded as a positive test. The | 
results on the pent atti however, are confirmed results. suas cy 
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aa is little deviation between confirmed and presumptive results at this 
x plant, where not less than 85 per cent of presumptive tests in the 
chlorinated water will confirm, to the extent of giving typical eosin- 
methylene-blue plates and gas formation in the secondary lactose 
broth tube. During these sixteen months the plain filter effluent, 


TABLE 1 


Temperature of water, chlorine doses and B, coli data on plant effiuent 
and city taps 


x PER CENT 
Db PER CENT 
POSITIVE 
DATE 

(1923 anv 1924) 
& Sea » 2 
°C’. | pounds| p.p.m.| p.p.m.| p.p.m. 

September....... 24.0} 1.50 | 0.19 |0.01 4.7 3.3 0.47 
18.0} 2.00 | 0.25 10.02 0 3.3} 0 0 0 (0.33 
November.......} 10.0) 2.00 | 0.23 |0.04 0 6.3) 0 0 0 (0.63 
December....... 6.5} 1.50 | 0.19 }0.06 |0.02 0°] 7.110 0 0 (0.71 
3.0} 1.50 | 0.18 |0.05 |0.01 0.6) 1.0) 0 0 |0.06)0.10 
February........| 2.0] 1.50 | 0.19 |0.04 1.4] 3.2) 0 0 |0.14/0.31 
4.0} 1.50 | 0.19 {0.04 (0.03 0.6) 1.8) 0 0 |0.06/0.18 
11.0) 1.50 | 0.19 |0.01 1.3] 2.7) 0 0 |0.13/0.27 
May 14.5} 1.75 | 0.22 10.01 |0-tr. | 1.9) 6.3) 0 0 |0.19/0. 63 
21.0) 2.00 | 0.23 10.01 | 0.7} 3.2) 0 0 |0.07/0.32 
25.0) 2.00 | 0.25 (0.01—|0-tr. | 0.6) 7.8| | 4.3)0.06)0.78 
27.0} 2.00 | 0.24 |0.01—j0-tr. | 4.5)10.5) 3.2) 4.8)/0.45)1.05 
September....... 22.0) 2.25 | 0.28 |0.014+ }0-tr. | 2.0) 7.3) 0 | 4.5)0.20/0.73 
October......... 16.0} 2.50 | 0.29 |0.01—(|0-tr. | 0 6.4) 0 0 0 10.64 
November.......| 11.0] 2.25 | 0.26 |0.01—|0-tr. | 0 0 '0.20/0.67 
December....... 5.0} 1.50 | 0.19 |0.06 (0.04 | 2.1) 4.8) 0 | 0 |0.21/0.48 

Average for 1924.......| 1.85 | 0.23 |0.01—| 1.5] 5.2) 0.3] 1.4/0. 15|0.52 

* Trace. 

a to which the chlorine is applied, has shown a range in monthly con- 
ce a firmed B. coli indices of from 0.8 to 11.0; the average being 3.94 
per 100 ce. 


It is evident from table 1 that the system of varying the chlorine 
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plant has materially improved the quality of the plant output as “ea 


measured by the colon index. Three of the months show a zero colon 7 
index, which is unusual in the light of past experience. For the year oa “~~ 
1924 the average was but 0.15 colon bacteria per 100 cc. in water * a 
leaving the plant. Few water purification plants in the country have ~ ae 


approximated this low figure. Heretofore the minimum annual 
index at this plant has been 0.40 per 100 ce. a 


A marked increase of colon group bacteria in the distribution > 
system is usually revealed whenever the results upon tap samples 7 a 
are compared with the tests on water leaving the plant. It often ary 
occurs that a water which is of standard quality at the plant may ae : 
have a colon content in excess of that permitted by the standard by a 
the time the water reaches the consumer. Usually this increase has -) , 


been attributed to contamination or bacterial growth in open reser- 
voirs, but often the multiplication seemingly has occurred in dis- 
tribution systems on which there are no open reservoirs or known 
cross-connections with private supplies. 

Table 1 shows that our tap water invariably has a higher content ‘sz 
of colon group bacteria than the plant effluent, nevertheless the 
water delivered to the consumer is well within the limits defined by a 
the proposed standard; the percentage of positive 10 cc. tests aver- 5 pe 
aging only 5.2, and only 1.4 per cent of the standard samples showed — 
three or more positive 10 cc. portions. It was only during August, : 
1924, that the tap samples exceeded the permissible 10 per cent of 


positives, and then only to a slight extent. ca ‘3 
Some of these tap samples were taken from the suburban distri- Fe 
bution system on which there is no open reservoir, and an approxi- fj a 
mately equal number were drawn from the Central Service dis- = % 
tribution system, on which there is an open reservoir of 95 million = fhe 
For eight of the fifteen months the colon contents of the hehe x 
samples and of the p.ant effluent were practically identical, but for i 
the other seven months, most of which were in summer and early © a 
fall, the suburban water exceeded the plant output in colon bacteria. ae 


The Central Service samples, however, invariably exceeded the water ak 
leaving the plant in colon bacteria, and the increase was always more | a 
marked than that in the suburban samples. Nevertheless this water _ ae 
delivered by the Central Service taps has conformed to the new © 
requirements for thirteen of the fifteen months, and in the two © 
months which it failed the of positives did not 
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exceed 12.3, and the highest number of samples which showed three 
or more positives was 7.7 per cent. The average percentage of posi- 
tive 10 ce. portions for the year 1924 was as follows: plant output 
1.5; suburban taps 2.9; Central Service taps 6.8. 

The higher colon content of the Central Service water was shown 
to be due to the influence of the open reservoir on this system. This 
reservoir, situated in Eden Park, is protected from surface drainage 
and ground contamination, but it is exposed to falling foliage from 
bordering trees and shrubs. In a series of tests upon the water in this 
reservoir one sample showed a positive test in 1 cc., but the remaining 
samples gave an average B. coli index of 4.2 per 100 cc. The reser- 
voir serves as an equalizing basin and the water is hardly ever com- 
pletely replaced with fresh water, and bacterial multiplication is 
favored. At times when the consumption of water is greater than the 
pumpage, water from this reservoir flows into the Central Service 
mains, and in this way the bacterial content of the latter is increased. 

Since colon group bacteria, mainly of the aerogenes type, are known 
to thrive on vegetation, the presence of the increased numbers in the 
reservoir is easily accounted for, and there is little chance that these 
colon bacteria are accompanied by other intestinal organisms. There- 
fore, the numbers found in the reservoir have not their usual sanitary 
significance. The extent to which these organisms are delivered into 
the distribution system, moreover, is not sufficient to cause the 
water in the latter to exceed the limits formulated in the proposed 
standard. 

To produce a water such as that delivered during the last year 
requires a seasonal, rather than a more frequent, change in the 
amount of chlorine applied. The following schedule is indicated as 
being most feasible for our conditions. The minimum dose, 1.5 
pounds per million gallons, should be used from about December 1, 
or January 1, to May 1. During the colder of these months and with 
this quantity of chlorine the tap samples will contain measurable, 
but not excessive amounts of residual disinfectant. At no other 
time of the year will the tap water show more than occasional traces, 
even when much larger quantities of chlorine are applied. Begin- 
ning May 1, the chlorine should be increased from time to time to 
meet the chlorine-consuming properties of the water. It is unneces- 
sary to exceed 2.5 pounds per million gallons. Although this maxi- 
mum quantity is rarely sufficient to yield more than 0.01 p.p.m. of 
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purity since 1918. Tap samples were not examined as a routine 


as in preceding years, but has been varied from 1.50 pounds to 2. 50 
pounds per million gallons (0.18 to 0.30 p.p.m.). Routine tests upon E*: re 


CINCINNATI WATER SUPPLY 


nevertheless the water at the ultimate tap is so satisfactory, without 
containing free chlorine, that the use of more than 2.5 pounds ond 
million gallons is uncalled for. 

It is not expected that the above improvement in the quality of 
the water as measured by laboratory tests will in any way be ac- 
companied by more favorable typhoid fever mortality statistics, 
yet it is true that our lowest typhoid rate on record was obtained in 
1924, and this in spite of the unusual appearance of 15 cases during 
the last month of the year. Having attained a somewhat better than 
normal record as regards freedom from intestinal diseases, however 2 
is no reason for ceasing to strive for a still better product as measured 
by some other time-proven criterion of purity, such as the B. ll ra 
tests. The additional quantity of chlorine applied in 1924, over that , 
which would have been used had the dose remained constant at 1.25 — 
pounds per million gallons, has amounted to 6 tons, costing a : 
imately $780.00. This is equivalent to an increased cost of 4 cents per — fo 
million gallons delivered into service. 


= 


SUMMARY 


The plant output of the Cincinnati Filtration Plant has conformed — 
to the requirements of the proposed new U. 8S. P. H. S. standard of 


procedure until 1924, but if the increase of colon bacteria occurred © ae 
to the same extent as shown by the last year’s data, it is unlikely | 
that the water at the taps came within the new limits during the 
years when but 1 pound of chlorine per million gallons (0.12 p.p.m. oie : 


was used. A 
By increasing the chlorine dose to 1.25 pounds (0.15 p.p.m.) a 

plant output was noticeably bettered, and it is estimated that the a 

tap water very nearly met the new standard. a c 
During the year 1924 the chlorine dose has not remained constant, —__ 


tap samples have been conducted. This change in chlorine treatment is = 


but no residual chlorine has in the water except during 

the winter months. 
A slight multiplication of colon bacteria was indicated in the dis- — 

tribution system on which there is no open reservoir, and a much ~ 


greater increase was noted in the system which is partially supplied 
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from an open reservoir. This increase was shown to be due to the 

- influence of the reservoir, but no sanitary significance can be at- 

- tached to this increase, nor was it of sufficient extent to cause the 
tap water to exceed the limits drawn in the proposed standard. 

_ By the use of from 1.5 to 2.5 pounds of chlorine per million gallons 
the Cincinnati water supply at the ultimate tap will easily conform 
_ to the suggested U.S. P. H.S. standard. The percentages of 10 cc. 
portions which were positive during the year 1924 were as follows: 

a plant output, 1.5 per cent, city taps, 5.2 per cent. oe Bene 
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A NOTE ON THE USE OF DYESIN AGAR MEDIAU 


By Max LEvINE? 


In our work on eosine methylene blue agar we have had invariably 
satisfactory results, which may be attributed, to a great extent, tc 
the fact that we happened to have had sufficient of the original 
Gribler eosine and methylene blue available, so that we have always 
been working with the identical dyes which were found most desirable 
for the medium in question. When other dyes were employed, how- 
ever, it was found that the quantities of dry dyes specified did not 
always give satisfactory results. 

In 1921 Dr. Conn (of the Committee for Standardization of Bio- 
logical Strains) submitted 24 samples of methylene blue to be tested 
for use in eosine methylene blue agar. These were made up in 
0.5 per cent aqueous solutions, and tested against our standard 
Griibler’s methylene blue. The eosine employed was our standard 2 
per cent aqueous Griibler’seosine. Of the 24 methylene blue samples 
tested, 9 were found unsatisfactory, 3 fair, 7 good and 5 excellent. 
At best not more than half of the samples of methylene blue could be 
employed with reasonably good results. The difficulties observed 
were that the metallic sheen did not develop with Bact. coli, and there 
was inhibition of growth, or that the differentiation of coli from 
aerogenes types was poor. 

In 1923 Dr. Conn submitted 6 more samples of methylene blue. 
Testing these on the basis of the amount of dried stain recommended 
in the original formula, 3 of these proved to be excellent, 2 were quite 
good and 1 gave only fair results. Ina letter to the writer, Dr. Conn 
pointed out that these results were, with one exception, almost 
inversely proportional to the concentration of dye in the various 


1 Presented before the Chemical and Bacteriological Section, New York 
Convention, May 20, 1924. 

2 Associate Professor of Bacteriology and Bacteriologist, Engineering 
Experiment Station, Iowa State College, Ames, Iowa. 

’Mr. L. H. James, now of the Microbiological Laboratory, Department of 
Agriculture, and Mr. H. W. Schoenlein, Fellow of the Department of Bacteri- 
ology, Iowa State College, collaborated in these tests. 
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~All of the 


samples. 


content gave less satisfactory results. 


It is obvious that with such variations in dye strength of the various 
stains on the market comparable results could not be obtained in 
such a medium as eosine methylene blue agar, since 0.5 per cent 
solutions of the different samples of methylene blue would have very 
different actual dye concentrations. Probably some of the samples — 


TABLE 1 


Quantities of various samples of methylene blue found most satisfactoryin — 


eosine methylene blue agar* 


6 samples submitted had a greate 
content than the old Griibler’s material. The latter had been re- 
ported by Conn to contain 57 per cent, while these 6 samples varied 


between 71.3 and 91.8 per cent. The samples with the higher dye 


r actual dye 


2 (DILUTED 1:10) PER 100 cc. 0.5 PER CENT 
METHYLENE BLUE SAMPLE — 
cc. MEDIUM ( 
Aqueous Alcoholic 
ce. ce. ce, 
* Mr. H. W. Schoenlein assisted in these experiments. 
t Too dilute to use. 
t No stain available for test. we 
of methylene blue considered unsatisfactory would be found desirable, ( 


if a correction were made for the actual dye content. 


It was thought, as has been suggested by Conn, that the use of 
saturated aqueous or alcoholic solutions might prove to be more 
satisfactory, as a basis for formulae of media requiring dyes. 


Saturated aqueous solutions of 9 samples of methylene blue were ( 
prepared as follows: To 1 gram of dry stain in a test tube was added ' 
10 cc. of distilled water. The tube was stoppered, thoroughly 


‘Saturated aqueous or alcoholic solution of methylene blue supposedly 


— contains 0.67 and 0.70 gm. per 10 cc. respectively. 
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shaken, and then placed in a water bath at about 95°C. where it was © 
kept for ninety minutes and frequently shaken. After removal from 
the bath and cooling at room temperature, the tube was again shaken, — 
allowed to stand over night, and then filtered.5 The filtrate was 
diluted 1:10 with distilled water. Ps 

Saturated alcoholic solutions were prepared in a similar manner 
except that the heating in the water bath was at 50° to 55°C. 

In table 1 are shown the quantities of these saturated solutions — 
which gave best results in eosine methylene blue agar. The quanti-— 
ties of 0.5 per cent aqueous solution of these strains, which were 
found most satisfactory, are also indicated. The eosine used was the — 
original 2 per cent Griibler’s yellowish eosine. ; 

The results indicate quite distinctly that saturated aqueous or 
alcoholic solutions were no more satisfactory than the 0.5 per cent 
solutions employed, since there was as great a variation in the quanti- _ 
ties of these saturated solutions required for optimum results as was _ 
observed in the 0.5 per cent aqueous solutions. The substitution of _ 
saturated solutions for quantities of the dry stain in the formula for 
eosine methylene blue agar will not eliminate the difficulties en- 
countered due to the variation in dye content of different samples of 
methylene blue. 

In connection with the work of Committee No. 1 of the American _ 
Water Works Association, Mr. Dunham submitted to the writer 
eight samples of eosine (marked nos. 21 to 28) and one of methylene 
blue (marked no. 4) to be tested for use in eosine methylene blue 
agar. The concentrations of dye in the eosine samples must have 
varied considerably, if the intensity of color in 0.5 per cent aqueous 
solutions may be considered a criterion. 

Each of these eosine samples was tested (in 2 per cent aqueous 
solution) with 0.5 per cent Griibler’s methylene blue and 0.5 percent = 
of the new sample 4 of methylene blue submitted, employing 3 
cultures of the coli section and 3 of the aerogenes section of the colon a 
group as the test organisms. 

The results are summarized in table 2. 

With Griibler’s methylene blue, eosine samples 22 and 23 gave — ; 
excellent results. All of the test organisms grew vigorously, there 
was a very distinct sheen with the coli strains, and these were readily oe a 
distinguishable from the aerogenes types. The samples with the 


5 Precipitate was present in every instance indicating that an excess of 
stain was used. 
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presumably lower eosine content (light colored solutions) produced a 
less satisfactory sheen, many colonies not showing this characteristic 
at all. With eosine sample 21, which had the lowest content of dye, 
_ there was not only a poorly developed sheen but marked inhibition 
of growth as well. This inhibition is probably due to the presence 
of methylene blue in excess of what reacted with the eosine. A 
marked increase in eosine (e.g., solution of sample 25 was consider- 
ably darker) also exerts an inhibitory effect on growth. 


TABLE 2 


Comparison of different samples of eosine with two samples of methylene blue 
(in eosine methylene blue agar) 


DIFFERENTIA- 
AEROGENES 
Griibler’s | Normal +++ | +++ | Excellent 
vo. 22 +++ | +++ xcellent 
| OK. +++ | Excellent 
0 Griibler’s.........4 No. 24 O.K. +++] ++ | Fair 
i No. 25 O.K. ++ ++ | Fair se 
No. 26 | O.K. +++ | ++ | Good 
ad? % No. 27 O.K. +++ | ++ | Good 
No. 28 | O.K. ++ (Gee 


7 mit of 
@xabler’s | Darker blue’ | ++ + Fair 


No. 22 Darker blue | ++ Fair 
F | No. 23 | Darker blue | ++ + Fair 
_ {| No. 24 | Darker blue | ++ + Fair 
No. 25 | Darker blue | ++ ++ | Fair 
Darker blue | ++ | ++ | Fair 


No. 28 Darker blue | +++ ++ Excellent 


*Two cubic centimeters of 0.5 per cent aqueous solution per 100 cc. medium. 
tTwo cubic centimeters of 2.0 per cent aqueous solution per 100 cc. medium. 


The results with methylene blue no. 4 and the various eosines were 
quite different from the foregoing. This sample of methylene blue 
contained much more dye than the Griibler’s, possibly 30 to 40 per 
Be cent more, and consequently the medium was considerably more blue. 

oe _ Development of a metallic sheen was distinctly and markedly 


mol No. 21 Darker blue + Poor 


No. 27 Darker blue | +++ | ++ | Excellent 


-. inhibited i in all cases, re that an excess of methylene blue in- 
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terferes with Abie characteristic. Growth was distinctly inhibited in or 
seven of the nine series tested. With this sample of methylene blue, ' 
best results were obtained with eosine samples 27 and 28, whereas 
samples 22 and 23, which were most satisfactory with the Gribler | 
methylene blue, gave only fair results. These tests indicate that ne 
each sample of eosine should be tested with the actual sample of — 
methylene blue with which it is to be employed and vice versa. 

DISCUSSION 


With respect to methylene blue, it has been observed that the iis; 
American samples have a much greater actual dye content than the — 
old Griibler product. An excess of methylene blue in eosine methy- _ 
lene blue agar interferes with the development of the characteristic 
metallic sheen by Bacterium coli and also inhibits growth. An ex- 
cess of eosine exerts an inhibitory action on growth, whereas an 7 
insufficiency of eosine results in an unsatisfactory sheen with some ann 
growth inhibition. The latter effect seems probably due to the ex- © 
cess of uncombined methylene blue. It is therefore essential that the yo 
quantities of methylene blue and eosine émployed in eosine methylene oa mn 
blue agar be carefully adjusted to each other for it has been observed A 
that an eosine which will give very satisfactory results with one 
sample of methylene blue is quite undesirable with another and vice - - 
versa. 
The considerable variation encountered, as regards the actual 
concentration of dyes in the various samples of stains obtained on the | 
market, renders formulae based on weight of drystain unsatisfactory, 
unless, of course, the same batch of stain is always used. 

The suggestion that saturated solutions of dyes be employed as a 
basis for formulae did not prove to be satisfactory as respects methy- | 
lene blue in eosine methylene blue agar, for there was as great a 
variation in the quantities of saturated solutions required for optimum 
results as was observed when using 0.5 per cent aqueous solutions of 
9 samples tested. There seemed to be some relation between the 
actual dye content of the dry stain and the quantities of a 0.5 per cent 
aqueous solution, giving optimum results. Formulae based on the 
actual dye content, as recently suggested by Conn, will probably give _ 
more concordant results in the hands of different workers than are 
now obtainable. =e 

In view of the difficulties encountered in practically all culture _ 
media employing dyes, on account of the lack of uniformity in dye ae 
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composition or content, it is suggested that the question of certifica- 
tion of dyes for use in special culture media and dehydrated 
- approved culture media may well be looked into as possible solutions. 
It isinconvenient and possibly not practical for the individual labora- 
tory to test each sample of eosine, methylene blue, fuchsin, brilliant 
green, gentian violet, etc., which it might desire to employ in a 
culture medium. If a committee of this or some other association 
would test out representative portions of large batches of dyes (from 
the point of view of their suitability in culture media) or of dye- 
containing dehydrated media, as is now done for staining solutions, 
and certify the tested batches, more uniform, comparable and satis- 
factory results with all culture media containing dyes would be 


q Conn, H. J. 1922 Jour. Bact., vii, 127. 
Conn, H. J. 1923 Science, Ivii, 638-743. to 
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Key: American Journal of Public Health, 12: 1, 16, ‘January, | 1922. The a zy. 
figure 12 refers to the volume, 1 to the number of the i issue, and 16 to the — te 
of the Journal. 


The Year’s Progress in the Power Field. Power, 61: 1, 2, January 6, 1925. 
Progress made in the ‘‘Power Field’”’ during the year 1924 extensively reviewed — 
under: Boilers and Boiler Auxiliaries; Fuels and Combustion; Refinements _ 
in Turbine Building; Water-Power Development Affected by Many Retarding é 
Influences; Electrical Power-Equipment Development; Use of Oil.Engines 
Has Increased; Steam Engines Favored in Many Industries; Advances in 
Refrigerating Art; Engineering Research and Society Activities —Aug. G. 
Nolte. 

The Physical Side of Concentration in Boilers. R. W. ANDREws. Power sat 
61: 1, 37, January 6, 1925. Boiler water concentration cannot be prevented, 
nor can boilers be made to generate steam without tending to carry some _ 
actual water and impurities with the steam. Result of boiler concentration 
is therefore the production of impure steam, with attendant danger, a 
and expense throughout the entire power plant. Since pure steam cannot be 
generated, steps should be taken for the complete removal, mechanically or — 
otherwise, of the impurities from the steam.—Aug. G. Nolte. 


46, January 13, 1925. Construction of Station at Deveupert, Iowa, is wll 
under way. Initial installation comprises a single 25000-kva. turbo-generator 
unit, with its auxiliaries and complement of four boilers and a building to 
house this equipment. Various features of the design and of the operation of 
the equipment are described.— Aug. G. Nolte. 


58, January 13, 1925. Explosions generally caused through wheels running 
at a greater speed than that at which they are intended to run. Rim stresses 
become so great that wheel flies to pieces. Stress varies as square of rim speed. 
Above remarks apply to wheel in form of plain hoop. Function of governor — 
is to maintain speed of engine more or less constant. Faulty operation of 
governor or its mechanism is the cause of most cases of racing and burst- _ 

ing of flywheels.—Aug. G. Nolte. ta 


Five Hundred Thousand Horsepower in Ford Turbines for River Rouge Plant. 
Power, 61: 3, 88, January 20, 1925. The construction and operation of the 
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— turbines and some of the auxiliaries are illustrated and discussed. The 
ultimate plant will consist of eight turbo-generator units of Ford design and 
manufacture.—Aug. G. Nolte. 


Testing Direct-Current Motors. J.E.Hovustey. Power, 61:3, 95, January 
20, 1925. The meters used for testing are described; selection of voltmeter 
ranges is discussed; blank record forms for tests are illustrated; a sample test of 
the use of meters in a small direct current plant is worked out and the results 
are discussed.—Aug. G. Nolte. 


Operation of Diesel Engines. R.HitpEBRAND. Power, 61: 3, 98, January 
20,1925. The water-circulating system best adapted depends upon the quality 
of water available and upon its abundance or cheapness. With an abundance 
of cheap water, the latter may be used only once and allowed to run to waste. 
_ With a limited supply it is advisable to install a cooling system so that water 
may be used over and over. Any water lost by evaporation should be replaced 
_ with softened water to prevent scaling. For maintaining the circulation after 
the engine is shut down and as an emergency supply water is usually provided 
_ by installing an overhead storage tank large enough to hold about a 45-minute 
supply of cooling water.—Aug. G. Nolte. 


Efficiency Test of a 15000-kilowatt Turbo-Generator. J. E. Woopwe tu. 
_ Power, 61: 4, 129, January 27, 1925. Tests were all run in one day in two-hour 
_ periods at the several rates of operation. Observations taken at short inter- 
_ vals to insure accuracy. Manufacturer’s guarantees were bettered at every 
point by nearly 3 per cent. Much experimental work was necessary before 
satisfactory electrodes were obtained.—Aug. G. Nolte. 


Operating Diesel Engine in Combination witha Steam Plant. J. W. Crow. 
Power, 61: 4, 131, January 27, 1925. Rather than choose a new plant site in 
order to install a steam turbine to increase the capacity of the Light Depart- 
ment of Ponca City, Oklahoma, a Diesel engine to be operated in conjunction 
_ with the existing steam engines was installed. Object in view was to replace 
_ gradually steam equipment by Diesels. Initial purchase covered a 1250-hp. 
two-stroke-cycle Diesel direct connected to a generator rated at 850 kw. at 
80 per cent power factor. Cost of unit complete and installed was $97,784 
or $115 per kilowatt. Succes of plan is attested by the operating results since 

Diesel was installed.—Aug. G. Nolte. 


- Cleaning Generators. N. L. Rea. Power, 61: 4, 132, January 27, 1925. 
‘The importance of cleaning is emphasized. The author discusses the subject 


sin detail and gives numerous cautions that should be observed in doing the 


work.—Aug. G. Nolte. 


Operating Calculations and Instructions for Small-Plant Condensers. 


 G.E.Gaster. Power, 61: 4, 137, January 27, 1925—Aug.G. Nolte. 


a 


5 
( 
‘ 
q 
. 
a 
af 
A 
ong 
4 
a! 
q ee 
4 
Se 


| 


ABSTRACTS OF WATER WORKS LITERATURE ain 


61: 4, 139, January 27, 1925. By giving proper attention to design and con- 
struction details many of the difficulties encountered with wood-stave pipe can 
be avoided. The following phases of wood-stave pipe construction are ~<a : as 
cussed: static head limitations; connections between wood and other pipe; . 
preventing leakage at joint between two pipe lines; connecting standpipes or ==> 
surge tanks to pipe lines; preventing formation of vacuums; safeguarding the 
pipe line against washouts; reinforced-concrete cradles; structural steel — a4 
cradles; cautions to observe in freezing temperatures.—Aug. G. Nolte. A. 


Design as a Factor in Upkeep of Wood-Stave Pipe. B. E. Wuitre. Power, 4 be ; 


Revamping Station at Springfield, Mo. J. D. Bowxes. Power, 61: 5, 166, a 
February 3, 1925. Springfield Gas and Electric Company plant enlarged and a 
modernized without service interruption. Novel features include: water 
sealed concrete ashpit at rear of boilers running entire length of boiler room; — 
stokers dump directly into water; cast iron side wall water boxes protected by 
circulating water through them prevent clinker trouble; forced draft cooing 
tower and live steam at 125 pounds to replace district heating with exhaust 
steam.—Aug. G. Nolte. Py 


Operation of Diesel Engines. R. HinpeEBRAND. Power, 61: 5, 174, Feb- 
ruary 3, 1925. The author discusses the engine cooling system and em- 
phasizes the importance of keeping it in proper condition.—Aug. G. Nolte. ; ae 


Suggestions on Boiler Furnace Design. C.M.Garianp. Power, 61: 5, a 
176, February 3, 1925. Problem is to design a furnace that will produce the _ ‘oo 
maximum over-all economy in the use of fuel and to design it so that the lining 
will stand up a reasonable length of time. Selection of stoker depends upon 
the fuel, the load conditions and in a measure upon the.type of boiler. Losses 
caused by stratification of gases underestimated. Less tendency for stratifica- 
tion with underfeed and V-Type stokers. Conduction losses minimized by 
proper insulation. Proper inclosure of furnace reduces to a minimum the 
escape of the radiant heat of the furnace to the heating surface of the boiler— _ 

Aug. G. Nolte. 


Questions and Answers. FRANKLIN VAN WINKLE. Power. In following 
volumes as designated questions are asked and answers given on following ay 
subjects—Vol. 61: 1, 34, January 6, 1925. Regulating Discharge of Centrifugal _ 
Pump; Holding Portable Boiler Warm Without Firing; Caustic Sodain Boiler | 
Water; Work of Raising Water by Suction Lift; Effect of Lap Without Chang- 
ing Eccentric; Maintaining Air Charge in Pump Air Chamber. Vol. 61: 2, 72, 
January 13, 1925. Overstroking of Duplex Pump; Setting Safety Valve for 
Reduced Pressure; Determining Brake Horsepower Delivered byEngine; Sub- | 
merged Piston and Straightway Pumps; Pitting of Fire Tubes of Heating | eae: 
Boilers; Relative Boiler Output at Different Pressures; Center of Bourdon — ny 
Spring Gage. Vol. 61: 3, 114, January 20, 1925. Rattling of Exhaust Valves; ion 
Location and Care of Fusible Plugs in Return-Tubular Boiler; Injector vs. 
Steam Pump; Poorer Results from Boiler Fuel Oil; Advantages of etre : 
Cutoffs; Increasing Bore of Diesel-Engine Cylinders; Difference Between ‘ 
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_ Synchronous and Induction Alternators; Requirement of Greater Speed of 
Pump; Obtaining Samples of Boiler Flue Gas. Vol. 61: 4, 152, January 27, 
1925. Relative Efficiencies of Boiler Joints; Corrosiveness of Brine Containing 
_ Ammonia; Supplementing Exhaust with Live Steam; Removing Scale from 
Jacket of Diesel Engine; Setting Corliss Engine Safety Cams; Single and 
Double Shear of Rivets; Waste Resulting from Insufficient Heating Surface 
for Steam Kettles; ‘‘Eleven Pounds Vacuum;”’ Boiler-Feed Connection 
_ Through Front Head. Vol. 61: 5, 190, February 3, 1925. Benefit of Covering 
Boiler Breeching; Action of Dashpots of Corliss Engine; Relative Value of 
Fire Tubes in Different Parts of H. R. T. Boiler; Pumping Hot Water with 
Cold-Water Injection; Making Hydrostatic Test of Boiler; Hair Felt as Pipe 
Covering; Conversion of Degrees Centrigrade to Degrees Fahrenheit; Suffi- 
ciency of Tank Outlet for Stated Discharge; Advantages of Damper Regulation 
of Draft; Gaging Steam Used by Tenants.—Aug. G. Nolte. 
= City, 31: 235-6, 1924. The lower 14 feet of a reservoir at Port Jervis, N.Y., 
could not be utilized on account of existing outlet. To avoid a tunneling 
operation, a syphon of 8 inch, 10 inch and 12 inch pipe was installed to handle 
2.0 mgd. A portion of syphon discharge is used to operate an air eductor for 


Syphon Increases Available Reservoir Capacity. Henry W.Tayitor. Amer. 


keeping the summit cleared of air—W. Donaldson. 
5 Portable Air Rigs Aid Baltimore Water System. W.B.Weratuers. Amer, 
ate F  - City, 31: 313-14, 1924. Description of the equipment used in water main 


i. extensions, consisting of trenching machine, portable air compressors, hoists, 
ar 1, hammer drills, air spaders, caulking tools, drill sharpener, etc. The depart- 


Filter Operation and Chemical Treatment of the Providence Water Supply. 
_J.W. Buaeser. Amer. City, 31: 425-8, 1924. (From paper before New Eng. 
Water Works Association, Rochester Meeting.) Describes operating condi- 
tions of old slow sand plant soon to be replaced by a rapid sand plant.— 
W. Donaldson. 

Protection of Small Water Supplies Used by Railroads. O. E. BRowNeELL. 
Amer. City, 31: 461-4, 1924. (Reprint from Public Health Report, 39, No. 36, 
1924.) Gives advice as to protection of small drilled or dug wells.— 
W. Donaldson. 


A New Large Municipal Water Tower. ALLEN H. Wricut. Amer. City, 
31: 485, 1924. Elevated steel tank for San Diego, Cal., is 54 feet diameter and 
holds 1,200,000 gallons. Hemispherical bottom is 50 feet above ground while 
- total height to overflow is 127.5 feet. Tank supported by 12 latticed columns. 
Conical steel roof. Contract price erected was $69,150.—W. Donaldson. 


The Shepaug Tunnel Increases Waterbury’s Water-Supply. H. E. Davis. 
4 Amer. City, 31: 545-7, 1924. Consisietian methods on 7 x 74 feet horseshoe 


h 
3 9 
( 
c 
1 
ta i 
Cc 
t 
t 
\ 
aa ment has 7 portable compressors, 7 hammer drills and 1 spader.—W. Donaldson 4 
y I 
= 
( 
¢ 
t 
] 
— 


ABSTRACTS OF WATER WORKS. ‘LITERATURE 


Shepaug R. will augment present supply. Work done by force account under 
Bureau of Engineering.—W. Donaldson. 


Fire-Hose Water Pressure and Hydrant Spacings. R. Conarp. 
Amer. City, 31: 544, 1924. (From paper before New Eng. Water Works Asso-_ 4 
ciation, Rochester Meeting.) Writer advocates 90 pounds water pressure, 
hydrants spaced not over 200 feet and use 3 inch hose in combination with | 
24-inch and 14-inch hose.—W. Donaldson. 


The New Water Supply for Tulsa, Oklahoma. W. R. Hotway. Amer. 
City, 31: 553-5, 1924. Unfitness of nearby water has caused Tulsa to develop 
a distant source. The new Spavinaw works put in service in November, 1924, _ 
comprise (a) Masonry dam 55 feet high and 3500 feet long, impounding 20 bill- 
ion gallons, (b) Gravity flow line of pre-cast reinforced concrete pipe, conist-— 
ing of 28 miles of 60 inches and 25 miles of 54 inches, (c) Receiving and storage 
reservoir of 500 mil. gals. near the city, (d) Pumping station and 30-inch steel 
discharge main for lifting water to a covered distributing reservoir feeding the 
city. Project cost 7} million dollars, representing unusually large per capita _ 
bond issue.—W. Donaldson. 


Laying a Subaqueous Water-Main at Minneapolis. Anon. Amer. City, 31: | 
581-2, 1924. Describes construction difficulties of laying, under winter condi- 
tions, a 48-inch riveted steel water main crossing the Mississippi River. Work 
was started in January, 1923, and completed in March, 1924.—W. Donaldson. - 


The Need for Storage Reservoirs. R. E. McDonnetu. Amer. City, 32: 
44-5, 1925. (From paper before Southwest Water Works Association, 
Topeka Meeting.) Advantages of an adequate reserve of stored water are 
pointed out.—W. Donaldson. 


The Water Supply of Syracuse, N. Y. Marsnart B. Patmer. Amer. 
City, 32: 47-50, 1925. (From paper before New Eng. Water Works Association, 
Rochester Meeting.) Gives history and description of the works municipally 
owned since 1888.—W. Donaldson. 


Relation of Improvements in Water Supplies to Intestinal Diseases. C. A. 
Hotmaquist, Amer. City, 32: 85-91, 1925. (From paper before New Eng. 
Water Works Association, Rochester Meeting.) Gives interesting statistics, 
correlating growth of water purification with declining typhoid mortality in — 
New York State. Credit is also given to other factors than water purification 
in improvement noted.—W. Donaldson. 


The City’s Water Supply. Anon. Amer. City, 32: 131, 1925. A bulletin of - 
New York public schools shows effort being made to familiarize pupils with 
the facts as to water supply. The idea is worth emulating elsewhere.—W. 
Donaldson. 


Installation of Gas Engine Centrifugal Pumping Unit at Lexington, Ky. 7 
L. R. Howson. Amer. City, 32: 157- 8, 1925. A new unit consisting of 300 
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h.p. Sterling gas engine, direct connected to Cameron centrifugal pump of 6 
m.g.d. capacity at 1250 r.p.m., has been provided to augment existing machin- 
ery. This equipment costing $9000 was chosen for emergency service in pref- 
erence to turbo-centrifugal costing $15,000 and cross-compound costing 
$40,000.—W. Donaldson. 


The Water and Power Plant of Stroud, Oklahoma. John A. WALKER. 
Amer. City, 32: 169-70, 1925. A combined municipal electric light and water 
plant serves a population of 4000. Daily pumpage is 125,000 gallons, all 
metered. Water supply is from four wells 400 feet deep, three being pumped 
with air and one by motor-driven plunger pump. Power for the station is 
furnished by vertical 4-cycle gas engine.—W. Donaldson. 


What is a Sanitary Drinking Fountain? Anon. Amer. City, 32: 183-4, 1925. 
Reprint of the final report of Commitee on Sanitary Drinking Fountains 
presented at last convention of the American Water Works Association.— 
W. Donaldson. 


Water Supply Statistics for Municipalities of Less Than 5000 Population. 
Anon. Amer. City, 32: 185-91, 1925. The American City Magazine has under- 
taken compilation of comprehensive statistics dealing with ownership, source 
of supply, consumption, purification, distribution system, meters, hydrants, 
etc. Data for cities of over 5000 population will appear in the 1925 Municipal 
Index, while data for smaller cities are being presented serially in the American 
City Magazine beginning with the February, 1925, issue, which covers alpha- 
betically the states to Georgia inclusive.—W. Donaldson. 


Water Supply Statistics for Municipalities of Less Than 5000 Population. II. 
Anon. Amer. City, 32: 309-23, 1925. Second installment of tabulation pre- 
pared by the American City Magazine includes Georgia to Louisiana. Series 
started with previous issue (February, 1925).—W. Donaldson. 


Making Sure That Fire-Hose Couplings Will Fit. Anon. Amer. City, 32: 
394-6, 1925. Standard fire hose coupling threads of 24-inch and 44-inch size 
have been approved by the American Engineering Standards Committee on 
recommendation of the National Board of Fire Underwriters, the American 
Water Works Association and American Society of Mechanical Engineers. 
This action represents a national agreement on tolerances or limits of accuracy 
necessary for interchangeable manufacture. Standard plug and ring gages 
are available for checking old or new equipment. Threads not meeting 


: _ standards may be salvaged by special tools. The new standards do not conflict 
_ with those of the National Fire Protection Association in 1905, the National 


Board of Fire Underwriters in 1911, the American Society of Mechanical 


i; al Engineers in 1913, or of the Bureau of Standards in 1914-1917, but ensure 


_ absolute interchangeability. Additional information may be had from the 
National Board of Fire Underwriters, 12 William Street, or the American 
Society of Mechanical Engineers, 29 West 39th Street, New York City.—W. 


Donaldson. 
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A Gift to the City of Dallas. Anon. Amer. City, 32: 414-5, 1925. Descrip- 
tion of an illuminated fountain with variegated colors, installed at cost of 
$50,000. Uses 5,000,000 candle-power, runs 2 to 3 hours each night, at cost of a 
60 to 90 cents per hour. Water is circulated by pump.—W. Donaldson. a 


East Cleveland’s Municipal Swimming Pool. Epwarp C. Moore. Amer. — 
City, 32: 425-7, 1925. A new pool 90 x 120 feet to accommodate 600 bathers — 
employs circulating pump, coagulation with alum and soda, and chlorination _ 
to purify the water. Constructed by force account at cost of $49,000—W. 
Donaldson. 


— 


Water Supply Statistics for Municipalities of Less Than 5000 Population. 


= 


III. Anon. Amer. City, 32: 435-45, 1925. Continuation of compilation as | 
started with February issue, 1925, comprising states of Maine to Missouri.— % 2 arr 
W. Donaldson. 


Report on Field Tests of Concrete Used on Construction Work. W. A. _ E a. i ; 
SLATER AND STANTON WALKER. Proc. Amer. Soc. Civil Engineers, 51:1, 
1-61, January, 1925. Ten series of tests were conducted on concrete being» 
used in construction of Building No. 10 of the Victor Talking Machine 
Company, Camden, New Jersey, and piers of the Newark Bay Bridge of the 
Central Railroad of New Jersey. The 28 day tests at Camden for 1:2:4 and a 
1:1:2 concrete gave grand averages of 2190 and 3930 pounds, respectively, per te 
square inch; and at Newark Bay 1:2.4:3.6 and 1:2:3 concrete gave averagesof tt 
3120 and 3800 pounds. About 75 to 80 per cent of the specimens gave strengths __ 
within 20 per cent of the average, which was from 10 to 20 per cent greater 
than the requirements assumed in the design. Only about 5 per cent gave 
strengths less than 80 per cent of the assumed requirements. The maximum 
variation of the daily averages of strength at Camden were 23 per cent below 
and 34 per cent above the grand average for 1:2:4 concrete, and 37 per cent be- 
low and 12 per cent above for1:1:2 concrete. Corresponding values for the - 
1:2.4:3.6 and the 1:2:3 conerete at Newark Bay were from 47 per cent below to > 
30 per cent above and from 7 per cent below to 13 per cent above, respectively. 
The results of the slump and the flow tests varied considerably. A definite © 
relation was found between the strength and the slump for batches in which the - 
quantity of water was varied systematically. For the routine field batches _ 
in which the aim was to maintain constant quantity of water, nosuch definite =» 
relation was apparent. The indication is that the slump test should be con- | 
sidered as a measure for workability and not as a criterion for strength. The _ 
quantity of water added in the mixer varied considerably from batch to batch, _ 
which seemed to be due to a variation in the quantities of aggregate in the _ 
batch more than to the percentage of moisture in the aggregate. With the — 
slump and quantity of cement maintained constant, the strength increased __ 
with an increase in fineness modulus up to the point beyond which the concrete _ 
was no longer workable, due to the presence of too little fine aggregate. The 
strengths at 28 days and 3 months of moulded cylinders cured in damp sand, 
were about equal to or slightly greater than the strengths of the specimens 
cut from test slabs and columns which had stood in the building with no treat- — 
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ment other than that to which the building itself was subjected. The Camden 


tests, in which fairly wet concrete was used, showed no consistent variation 
in strength of concrete with variation in time of mixing for periods of 15 
seconds to 5 minutes. At Newark Bay, where a dryer concrete was used, the 
strength at 28 days was increased on an average about 170 pounds per square 
inch for each additional 1 minute mixing, up to 6 minutes. Concrete which 
had stood in the forms for periods up to 1 hour before moulding into test 
specimens showed strengths about 30 per cent greater than that of specimens 
from the same batch made at the time the concrete was placed in the form. 
Greater accuracy of measuring quantities of materials on the work seems 
desirable.—John R. Baylis. or 

Zoning and Water Supply. H. Maucoim Prrnie. Proc. Amer. Soc. Civil 
Engineers, 51: 2, 258-61, February, 1925. Zoning of growing communities may 
save considerable in first cost and cost of reinforcement of the distribution 
systems. The uncertainty as to the trend of building has resulted in the 
replacement of small mains in some districts with larger mains under the most 
difficult construction conditions. The construction of high apartment houses 
in a relatively high residential district may make necessary the installation of 
booster pumping stations or to carry a higher pressure on the entire distribution 
system that would not otherwise be necessary. In preparing a zoning plan, the 
water supply must be given due weight with all other purposes in view.— 


John R. Baylis. 


Final Report of the Special Committee on Stresses in Structural Steel. 
Proc. Amer. Soc. Civil Engineers, 51: 3, 392-405, March, 1925. The majority 
report recommends increasing the unit working stresses in steel. The per- 
missible unit stress in pounds per square inch,under tensioa or compression 
is increased from 16,000 to 20,000 pounds. The minority report does not believe 
the 25 per cent increase is warranted at the present time.—John R. Baylis. 

The Causes and Effects of Corrosion. RospertJ. McKay. Chem. and Met. 
Eng., 32: 10, 432-4, April, 1925. Digest of the corrosion symposium given at 
the Baltimore meeting of the American Chemical Society, April 8 to 10, 1925. 
All papers relative to the corrosion of iron agree that it is fundamentally 
electrolytic, and that the rate depends upon a number of variables.—John R. 
Baylis. 


Preparation of O-Tolidine Solution for Chlorine Estimation. Cuas. F. 
Roake. Jour. Ind. and Eng. Chemistry, 17: 3, 257, March, 1925. To over- 
come the difficulty of dissolving 1 gram of ortho-tolidine in 1 liter of 10 per 
cent HCl, 1 gram of crystals covered with the calculated quantity of concen- 
trated HCl (about 236 cc.) will dissolve readily upon stirring. Dilute the 
resulting solution to 1 liter and filter if necessary. (O-Tolidine also dissolves 
rapidly and completely in warm 10 per cent HCl.—Abstr.)—Linn H. Enslow. 


A System of Boiler Water Treatment Based on Chemical Equilibrium. Ra.px 
E. Hauy. Jour. Ind. and Eng. Chem., 17: 3, 283, March, 1925. The condi- 
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tioning sid a boiler waters for steam generation must be governed by ed by three 
phases of process: (1) Maintenance of definite ratio of ionic concentrations of 
the various elements and radicles to insure separation within the boiler of — 
desirable solids only; (2) the disposal of the sludge developed; (3) elimination © 
of water from the steam just prior to its discharge from the boiler. To prevent — 
formation of hard (calcium sulphate) scale the concentration of soluble sul- 
phates should be maintained between 2000 and 2500 p.p.m. SO, and a definite 
concentration ratio of soluble carbonate (CO:) to soluble sulphate (SO,) should 
be maintained within the boiler by addition of soda ash (Na;CO,) to either the 
feed water or the boiler water. For satisfactory results in a boiler operat- 
ing at 150 pounds gage (185°C.) soda ash should be fed in at a rate to insure the 
presence of soluble carbonate (CO;) never less than 8.83 per cent of the soluble 
sulphate (SO,) present, i.e., CO; (p.p.m.) greater than 0.0883 X SO, (p.p.m.). 
Pressures higher or lower than 150 pounds require a higher or lower ratio 
of carbonate to sulphate. At 100 pounds the required minimum becomes _ 
4.4 p.p.m. CO; to each 100 p.p.m. SO,: at 200 pounds operating pressure # " 


4 


14.3 p.p.m. CO; to each 100 p.p.m. SO, Within boilers, operating about 
200 pounds the use of soda ash is not feasible because of rapid decomposi- _ 
tion into carbon dioxide and caustic soda. Above 200 pounds trisodium 
phosphate should be substituted for soda ash. The minimum quantity of 
soda ash required to prevent hard calcium sulphate scale formation is sufficient 
to furnish simultaneously through hydrolysis the necessary concentration of 
hydroxyl (OH) to prevent magnesium oxide or magnesium silicate scale. 
The hydroxy] formed is also sufficient to practically prevent corrosion within a 
properly operated feed water heater. An excess of soda ash within the boiler 
is favorable to saponification or peptization with consequent foaming and 
wet steam. The hydroxyl concentration formed will likely cause caustic em- 
brittlement where the sulphate concentration is not great. Along with 
hydroxyl formation carbon dioxide is liberated which produces a corrosive 
steam attacking condensers, lines, ete. The test for the concentration of 
carbonate ana sulphate may be made in the boiler room. The carbonate is 
titrated with standard acid using proper end point indicators. Thesulphate 
is determined from the turbidity precipitated when a barium salt is added 
when compared with standard sulphate solutions treated in the same manner. 
The soluble carbonate only controls therefore the water sample drawn as often 
as necessary from the boiler must be filtered before the determinations are 
made. (See Ind. & Engr. Chemistry, April, 1925, for description of apparatus, 
etc.) Calcium sulphate distribution in boilers suffering from hard scale — 
formation is as follows: 


ri, 6 


per cent 
89.10 
Removed in blow-down water... 7.70 
Removed in blow-down and wash back sludge................. 3.20 


the feed water will more accurately indicate the number of concentrations 
effected within the boiler than any other determination and fortunately is an 
exceedingly simple test. The great majority of waters may be satisfactorily _ 
used as boiler-feed water without producing hard-scale, provided: a 
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(a) The sulphate (SO,) concentration in solution be maintained at 2500 
p.p.m. or less by ‘‘blow-downs”’ or barium salt addition: 

(b) The ratio of soluble carbonate to soluble sulphate be maintained at not 
less than 4.4 per cent the quantity of sulphate at 100 pounds gage; 
8.8 per cent at 150 pounds gage; or 14.3 per cent at 200 pounds. 

(c) Above 200 pounds tri-sodium phosphate must replace soda ash for 
internal treatment. 

(d) The continuous removal of suspended matter and sludge by recircu- 
lation and pressure filtration of a portion of the boiler water.! 

(e) Removal of liquid droplets from the gaseous steam through use of a 

ar mechanical separator installed immediately beneath the steam 

within the boiler.'—Linn. H. Enslow. 


Should Private and Public Utilities Be Regulated Alike: Cates M. SAVILLE 
Fire and Water Eng., 75: 983, May 14, 1924. 1. Should municipally owned 
utilities be subject to the regulation of Public Utilities Commissions or similar 
bodies? The conclusion reached in this discussion is that such regulation is un- 
desirable at the present time. 2. Should municipally owned public utilities 
submit annual reports to the Public Utilities Commission? The conclusion 
reached is that such reporting is desirable. 3. Should municipally owned 
public utilities pay county, state and federal taxes on substantially the same 
basis privately owned public utilities? The conclusion reached is that it is un- 

_ desirable and against public policy for a municipally owned utility to be taxed 
on substantially the same basis as a utility privately owned and operated.— 
Geo. C. Bunker. 


Experiences in Emptying and Filling Large Reservoir. Wi_t1am W. Brusns. 
Fire & Water Eng., 75: 985, May 14, 1924. The severe drought during the 
ms - summer of 1923, coupled with a previous daily draft of about the normal 

ce average flow of the tributary streams, resulted in practically emptying the 
_ Ashokan reservoir in the fall of 1923. When full this reservoir holds 130,400 
_ mn.g. of which about one-third is stored in the west basin, and two-thirds in the 
; z east basin. On October 23, 1923, the water contents had dropped to 16,610 
ss m.g. and remained at practically the same figure through November increasing 
ie Le slightly however in December and January. During April, 1924, the contents 
increased from 43 to nearly 90 billion gallons. in the 


og at a much higher level, was not vdiledent to indicate any noticeable effect on 
these growths due to the lowering of the water level. The turbidity in the 
tg Ashokan reservoir is usually about 5 p.p.m. but i in the wpe part of April, 1924, 


; ‘3 west to the east basin and clear water drawn until the last week in April 
_ when the turbidity of the water drawn was about 20 p.p.m. Laboratory tests 
made between April 17 and 23, when the water in the west basin had a turbidity 

of 30, showed that this turbidity reduced to 15 in 24 hours, and 7 in 48 hours, 
oar there being no further reduction after 3 more days of sedimentation. From 
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1 See Iron and Steel Eng., Vol. 1, p. 312 (1924). 
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Ashokan reservoir the water flows into Kensico reservoir; a figure shows the 
travel of turbid water through the upper section of the latter. The experi- 
ence in the Catskill system, and also in the Croton system, shows that when a 
reservoir is well filled the water flowing in pushes the water already in the 
reservoir ahead, and there is a comparatively slight mingling of the water in 
the reservoir with the water flowing into the reservoir. If the water in the 
reservoir is drawn down then there is a quick overflowing of the entire area and 
a mingling of the stream flow with the stored water. To furnish clean water 
from a water supply system which is dependent upon surface flow, and for 
which no filtration is provided, requires that a large reservoir full of clean 
water be available at the time a heavy flow takes place, so that sufficient time 
for the clarification of the water by sedimentation and dilution will be afforded. 
In the Catskill system the Kenisco reservoir affords this protection against 
turbid water, and in the Croton system the Croton reservoir affords similar 
protection. Illus.—Geo. C. Bunker. 


A Practical Explanation of the Hydrogen Ion Method. 
G. McConneE.u. Fire and Water Eng., 75: 987, May 14, 1924. The purpose of 
this short article is to discuss the subject in as practical a manner as is possible. 
The author makes the point that hydrogen ion determination serves as a direct 
control of coagulation and if properly interpreted is the best method yet 
developed for this purpose. The optimum point of the Charlotte, N. C., 
water has been found to be about pH 6.2 and it is tried to hold the pH of the 
coagulated water at this point. This has been done for the past 8 months and 
it is believed that it has been the one greatest factor in reducing the cost of the 
coagulant by one-half.—Geo. C. Bunker. 


A Plan That Cut Pumping Costs of a Small Water Plant. Harry F. 
ScHALLER. Fire and Water Eng., 75: 989, May 14, 1924. The municipal water 
department, Mendota, IIl., has a steam operated plant which is required to 
furnish about 575,000 gallons per 24 hours. The water is raised from 2 deep 
wells, in which the water rises to a level of 100 feet from the surface, to a surface 
reservoir by a cross compound steam driven two stage air compressor. A 
compound-duplex direct acting steam pump was operated continuously to 
deliver the water from the reservoir to a stand-pipe against a 115-foot head as 
the capacity of the latter was only sufficient for 30 minutes consumption. 
The steam driven compressor exhausted into a feed water heater, the other 
units, namely the direct acting booster pump and the boiler feed pump 
exhausted directly into the atmosphere. A 25 h.p. low pressure turbine 
direct connected to a centrifugal pump was installed at a cost of $3000 to be 
operated by the exhaust steam from the air compressor and when the latter 
is shut down or is running less than 30 r.p.m. a pressure reducing valve cuts in 
direct steam pressure from the boiler. A fuel saving of $2432 was made in 
one year. Illus.—Geo. C. Bunker. 


How to Determine the True Cost of Main Laying. E. E. Banxson. Fire 
and Water Eng., 75: 991, May 14, 1924. This paper discusses the costs con- 
nected with hauling, trenching, and laying for cast iron mains. Illus.— 
Geo. C. Bunker. 
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An Effective Method of Cleaning Clogged Service Pipes. Tuomas L. Amiss. 
Fire and Water Eng., 75: 993, May 14, 1924. In Shreveport, La., oxygen gas 
under pressure is used for cleaning service pipes. The examination of many 
services has shown that only a thin film-like coating formed on the interior 
of the lead pipe but that the corporation cocks were completely closed over by 
a hard tubercular growth. The equipment for cleaning consists of the follow- 
ing: a tank of oxygen under 2000 pounds pressure full; gas regulator equipped 
with high and low pressure gauges; 10 feet of $-inch high pressure hose; and 
wrenches for making a connection to the meter coupling in the meter box at 
the curb. The stoppage always gives way under a gas pressure equal to the 
ordinary domestic water pressure. From 15 to 30 minutes are required in- 
cluding the removal and replacement of the meter. The cost is itemized as 
follows: One tank of gas, $4.00, which is good for 4 services, making for gas, 
30 minutes for one plumber and two helpers, $1.85, plus $.15 for miscellaneous 
expense. The old method, requiring excavation and repairs to the pavement, 
cost $6.50 per service. Illus.—Geo. C. Bunker. 


Tests of Leakage, Friction and Discharge in Norfolk Supply Main. W.H. 
Taytor and NorMAN Z. Baty. Eng. News—Rec., 94: 446, March 12, 1925. 
Test on concrete, continuous wood-stave, and cast iron supply main com- 
pleted 2 years ago are described. Leakage averaged 49 gallons per inch-mile 
per day. Value of Cin formula of Hazen and Williams was as follows: concrete 
140.4; redwood 138.7; concrete 137.6; cast iron 105.9; and redwood 140.0, the 
first 3 measurements being made on 36-inch pipe with flow of 13.2 m.g.d. and 
last 2 on 30-inch pipe with flow of 10.2 m.g.d. It is planned to repeat the tests 
yearly.—R. E. Thompson. 


New Mexico-Colorado Water Compact Ratified by Congress. Eng. News— 
Rec., 94: 431, March 12, 1925. Compact between states of New Mexico and 
Colorado concerning waters of La Plata River, ratified by Congress in January, 
is outlined and status of other western interstate compacts, concerned chiefly 
with water for irrigation, summarized.—R. E. Thompson. 


Calumet Drainage Ditch Reverses Flow of River. Ray D.Hammons. Eng. 
News—Rec., 94: 432-3, March 12, 1925. Drainage ditch which will reverse 
flow of Little Calumet River and reclaim tract of land 234 square miles in area 
described and illustrated. Data on construction and method of computing 
size of channel required included.—R. E. Thompson. 


Flood Damages Power Plant in Rio Cobre Valley, Jamaica. F. L. 
BronstropH. Eng. News—Rec., 94: 440, March 12, 1925. Brief illustrated 
description of damage to pipeline and power plant of Jamaica Public Serv- 
ice Co., by flood of unusual proportions in valley of Rio Cobre.—R. E£. 
Thompson. 


Features of Design in 1000-Foot Outdoor Swimming Pool. Eng. News—Rec., 
94: 434-6, March 12, 1925. Pool, 1000 feet in length and 100 feet in width 
(centre section 150 feet), recently constructed by City of San Francisco de- 
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scribed and illustrated. Owing to possibility of hydrostatic head of 10 feet on 
under side of floor in deepest section (14 feet) the sides were designed as self- 
supporting retaining walls with expansion joints at frequent intervals to 
localize damage in event of failure of one section. The floor of the tank, 4} 
inches thick with }-inch cement plaster finish, was also laid in sections, the 
joints being calked with oakum and filled with plastic asphaltic compound. 
Under all floor-joints concrete slabs 3 feet wide and of same thickness as floor 
were placed to prevent distortion in event of buckling. The expansion joints 
in the walls were provided with water stops consisting of copper sheets on 
either side of which mastic was poured, ensuring tight joint against escape or 
infiltration of water —R. E. Thompson. 


Tide Staff Designed to Meet Exacting Conditions. D. L. Parxuurst. 
Eng. News—Rec., 94: 450, March 12, 1925. Tide staff developed by U.S. Coast 
and Geodetic Survey described briefly and illustrated —R. Thompson. 


Concrete Pipe Line and Flume for Factory Waste Water. Eng. News—Rec., a 
94: 475, March 19, 1925. Brief illustrated description of concrete conduit . 
under construction for conveying clean waste water (cooling water) and runoff 
from property of corn products plant of A. E. Staley Manufacturing Company > 
to Lake Decatur, source of supply of Decatur, Ill.—R. HZ. Thompson. ‘ 

Washing Filter Sand With Caustic Soda. Frank W. Green. Engr. and 
Contr., 62: 1292, 1924. Sand beds in which grains were coated with organic 
matter were heated with steam and washed with caustic soda and soda ash 
using 1 part caustic soda to 3 of soda ash.—C. C. Ruchoft. (Courtesy Chem. 
Abst.) 


Home Made Aérator. J. E. Gipson. Engr. and Contr., 63: 100, 1925. baa e 
Discharge from 30-inch filter effluent pipe flowing over platform 124 feet 
diameter, with riffles upon upper surface and holes under the riffles, was’ 
aérated to 60 per cent saturation—C. C. Ruchoft. (Courtesy Chem. Abst.) 


Relative Corrosibility of Water Supply. J. W.Lepoux. Engr.andContr., 
63: 101-06, 1925. Corrosiveness is determined by heating iron wire in water 
sample to 300°F. and determining the amount of iron dissolved. Methods 
for corrosiveness due to free COs, either by aération or with chemicals, are = 
described.—C. C. Ruchoft. (Courtesy Chem. Abst.) a af 


Filtration Improvements at Watertown, N. Y. F. H. Jenninc. Engr. 
and Contr., 63: 122-23, 1925. Underdrainage system was rebuilt, airwashing = = —~ 
discontinued, dry- feed machines installed, chlorine applied to effluent, and Be cx 
additional coagulation basins built.—C. C. Ruchoft. (Courtesy Chem. Abst. ie aid ‘ 


Winter Treatment of Algae Growths. Grorce R. Tayitor. Engr. and 
Contr., 63: 123-24, 1925. 3} pounds of copper sulfate per mg. applied through 
holes in ice every 25 feet to 130,000,000 gallons of water proved effective.— 
C. C. Ruchoft. Chem. 
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Increasing Flow of Wells with Air. Anon. Engr. and Contr., 62: 1257-58, 
1924. Methods of removing sand from well strains by back blowing with air 
- are described.—C. C. Ruchoft. (Courtesy Chem. Abst.) 


Spavinaw Water Supply Project at Tulsa, Okla. A. S. Hotwar. Engr. 
and Contr., 62: 1061-70, 1924. Construction features of 10,000 feet tunnel, 
of Spavinaw dam, of 500,000,000 gallons concrete paved earth reservoir, and 
of 10,000,000 gallons distribution reservoir are given.—C. C. Ruchoft. (Cour- 
tesy Chem. Abst.) 


Thawing Frozen Water Pipes with Electric Current. D. D. Ewrnc and C. F. 
Bowman. Engr. and Contr., 62: 1071-76, 1924. Summary of present prac- 
tices from bulletin issued by Engineering Extension Service of Purdue Uni- 
versity.—C. C. Ruchoft. (Courtesy Chem. Abst.) 


The Bacteriological Examination of Water. C. T. Butrerrretp. Engr. 
and Contr., 62: 1283-85, 1924. What constitutes good laboratory technique 
is discussed.—C. C. Ruchoft. (Courtesy Chem. Abst.) 


Repairing English Reservoir. Anon. Engr. and Contr., 62: 1086-88, 
1924. Method of lining walls and floor of old 4,250,000 gallon reservoir with 
concrete is described.—C. C. Ruchoft. (Courtesy Chem. Abst.) 


7 Increasing Shallow Well Supply. Grorcre T. Price. Engr. and Contr., 
62: 1289-90, 1924. Construction of 300 feet collecting gallery with submerged 
timber cut off against passage of water is described.—C. C. Ruchoft. (Courtesy 
Chem. Abst.) 


Main Drainage Pollution. (President’s Address.) W.C. Hawiey. Penn- 
_ Sylvania W. W. Assn., 1924 Report. Pages 23-26. Quoting decision of 
Supreme Court of Pennsylvania in case of Mountain Water Supply Company 
vs. Sagamore Coal Company, Justice SHAFFER says: ‘‘In the view we take of 
it, the controversy compacts itself within closer bounds than it had in the 
minds of counsel, and although its public importance is very great, it is con- 
trolled by one fact and asingle equitable principle ;—the fact that the stream 
has been polluted and the principle that this creates a enjoinable nuis- 
ance if the public uses the water.’”’ After careful consideration of question 
Court decides,—‘‘Our conclusion is that defendants have no right of any kind 
_ to drain their mine waters into the stream, considering the public use which 
is made of its waters and that their so doing constitutes a nuisance which must 
restrained.”—Z. E. Bankson. 


Rule for Financing Unprofitable Extensions. (President’s Address.) W. C. 
 Hawtzey. Penna. W. W. Assn., 1924 Report. Pages 23, 27. New Jersey 
__ Publie Utility Commission has laid down rule which requires applicant for 

extension to deposit cost of extension less three and one-half times antici- 
- pated annual revenue which will be received from consumers at time of its 
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The Logical Ownership of Service Lines. E.R. HaAnNum. Penna. W. W. 
Assn., 1924 Report. Page23. Utility company, not consumer, has right toopen 
aud occupy street and that right should carry responsibility of proper main- 
tenance to prevent nuisance from leakage, etc. Mains are usually laid on one 
side of cart way, and if consumer were to pay for service line from main to prop- 
erty line, consumer nearer main would have decided advantage over consumer 
on opposite side of street. Pennsylvania Public Service Commission has uni- 
formly held that service pipes from main to curb line should be installed by 
company. Question by Mr. Purpy: Is water company now the owner of those 
service lines which were paid for by consumers? Discussion. Pennsylvania 
Commission holds that although special allowances will be made in operating 
expense to cover annual charge of maintenance of service lines, yet cost of 
line which had previously been installed by consumers would not be included 
in rate base. In case at Little Rock, Arkansas, United States District Court 
took position that only service lines built and paid for by water compan 
should be included in rate base.—#. EF. Bankson. 


> 


The New Water Softening Plant of the South Pittsburgh Water Company. 
C. E. Trowsripae. Pennsylvania W. W. Assn., 1924 Report, Page 64. Re- 
moving sulfate hardness from Monongahela River water with economy of 
chemical differs from usual softening problem because principal reagent re- 
quired is soda ash instead of lime. In this case of acid water considerable 
saving of chemical can be made by first neutralizing free mineral acid with 
soda ash, and later adding necessary lime and soda ash for further softening. 
Softening plant of South Pittsburgh Water Company has been designed to 
apply treatment we have developed to obtain softening with smallest quantity 
of chemical. Water receives its first chemical treatment in flow line from river 
intake to pump sump at low service station. Sufficient soda ash is added at 
this point to just neutralize free mineral acid of river water. This protects 
low service pumping equipment from deterioration due to acid reaction of 
raw water. Further softening treatment provides final hardness of 100 p.p.m. 
Removal of as high as 98 per cent of precipitate by volume has been obtained 
in Dorr Clarifier, which is kept clean with total continuous flow of 0.3 per cent 
of low service pumpage. Over twice this quantity of water would be lost in 
emptying basin for cleaning. Clarifier maintains full basin capacity.— 
E. E, Bankson. 


Determination of the Relative Corrosibility of Water Supplies with Sug- 
gestions for Neutralization. J. W. Lepoux. Pennsylvania A. W. Assn., 
1924 Report. Page 76. To determine whether water supplied attacks pipes 
or hot water receptacles, its corrosibility should be tested by determining 
amount of iron that it will dissolve at as high a temperature as will exist in 
practice. This corrosibility should be neutralized by such methods as are 
found applicable to the particular case —Z. Bankson. 


Recent Developments in the Work of the Sanitary Water Board. W. L. 


Stevenson. Pennsylvania W. W. Assn., 1924 Report. Page 96. Sanitary 
Water Board a has inaugurated some pro- 
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jects of considerable moment and unique in anti-stream-pollution laws. First 
principle is that more fruitful results will be obtained by dealing with groups 
of concerns engaged in same kind of industry than by dealing with them 
separately. Agreement provides that parties thereto will join together to 
construct and operate experimental plant in connection with tannery, subject 
to approval of Sanitary Water Board. Costs of construction and of operation 
shall be paid out of funds contributed by the parties in proportion to plant 
capacity and by the legislature. Another new project of the Board is control 
of pollution of inter-state streams.— EH. EF. Bankson. 


Some Features of Water Purification in Pennsylvania. C. A. Emerson. 
Pennsylvania W. W. Assn., 1924 Report. Page 105. Every town in State 
of over 25,000 population receives public water supply, and most places of 

- over 1000 population are also supplied. Of more than 650 public water works, 
- some 70 per cent are corporately owned. Of 150 filter plants, only 17 are of 
_ slow sand type. There has not been a single installation of type other than 
rapid sand filter plant, of any considerable size, during past ten years, and 
slow sand filters are being, gradually, converted into rapid sand filters. Only 
nine small pressure filter plants are left in State — EH. E. Bankson. 


er 


q 
ad 
: 


